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Abstract

Background: MicroRNAs (miRNAs or miR-) have been linked to factors associated with
aggressive prostate cancer such as biochemical recurrence and metastasis. We investigated whether
circulating miRNAs in plasma could be used as diagnostic biomarkers for more aggressive
prostate cancer at prostate biopsy.

Methods: Men, aged = 40 years, newly diagnosed with prostate cancer were categorized into two
risk groups, low-grade (Gleason score 6 or 7 (3+4) and serum PSA < 20 ng/mL) and high-grade
(Gleason score = 7 (4+3) and serum PSA = 20 ng/mL) prostate cancers. The limma R package was
used to compare expression of mMiRNAS in plasma between the two risk groups, adjusting for age.

Results: There were 66 men, aged 46-86 years, included: 40 men with low-grade and 26 men
with high-grade prostate cancers. There were lower expressions of miR-28, miR-100, miR-942,
and miR-28-3p and higher expressions of miR-708, miR-1298, miR-886-3p, miR-374, miR-376c¢,
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miR-202, miR-128a, and miR-185 in high-grade compared to low-grade prostate cancer cases at
biopsy, after adjusting for age (P-values < 0.05). These differences were no longer statistically
significant after adjusting the P-values for multiple comparisons.

Conclusion: There was no circulating miRNA associated with high-grade prostate cancer at
biopsy after adjusting for age and multiple comparisons. Nevertheless, relationships between these
circulating miRNAs and high-grade prostate cancer were observed which suggest them as
promising prostate cancer biomarkers. Further investigation in a larger cohort may provide insight
on their diagnostic potential for aggressive prostate cancer.
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Introduction

Even though prostate cancer is the leading cause of cancer death among U.S. men, most men
are diagnosed with localized prostate cancer which is curable at a high rate or monitorable
through active surveillance for indolent prostate cancer cases. A small percentage of men
will have highly aggressive prostate cancer which can lead to metastasis, causing morbidity
and possibly prostate cancer-related mortality. Black race, cigarette smoking, and obesity
have been linked to aggressive prostate cancerl—3; however, risk factors for this disease
remain largely not known. Serum prostate-specific antigen (PSA) and Gleason score have
been used as prognostic markers for aggressive prostate cancer; however, serum PSA is not
useful in distinguishing between indolent and highly aggressive prostate cancer at biopsy.
There are several recently available commercial assays using serum kallikreins and pro-
forms of PSA which are associated with higher rates of clinically significant prostate cancer
on biopsy. However, there still remains a need for biomarkers for not only aggressive
prostate cancer but also for the prediction of worse prostate cancer outcomes.

Several microRNAs (miRNAs), small non-coding RNAs that regulate gene expression post-
transcriptionally, have been linked to prostate cancer outcomes such as recurrence*~’ and
metastasis*8-10, However, their diagnostic potential in distinguishing between indolent and
aggressive prostate cancer cases in a prostate cancer screening setting remains not known.
Because miRNAs have been associated with poor prostate cancer outcomes, it is important
to examine whether miRNAs can predict aggressive prostate cancer at early stages of
disease. In this cross-sectional study, we examined whether circulating miRNAs in plasma
differ between high-grade and low-grade prostate cancer among men screened for prostate
cancer, with the purpose of identifying potential miRNAs that may be used to identify
aggressive prostate cancer cases at diagnosis. Identifying potential biomarkers for aggressive
prostate cancer may have a substantial public health impact of providing on one side a more
aggressive treatment for the aggressive prostate cancer cases, while at the same time
reducing unnecessary treatment for indolent prostate cancer cases.
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Materials and methods

Study population

Men, aged = 40 years, who were scheduled for a prostate biopsy at Northwell Health, New
Hyde Park, NY and Penn State Health, Hershey, PA were recruited from February, 2014 to
April, 2016; participants from the Emory Biomarker Cohort were included. All participants
were part of a study that examined whether miRNAs could be potential biomarkers for the
early detection of prostate cancer!l. Men were included in this study if they had a newly
prostate cancer diagnosis and were excluded if they had factors that may influence miRNA
expression such as a previous cancer diagnosis other than non-melanoma skin cancer, a
subsequent or current diagnosis of metastatic disease, or currently on hormonal therapy at
biopsy.

Eligible prostate cancer cases were categorized into two risk groups, low-grade and high-
grade prostate cancers. Low-grade prostate cancer was defined as Gleason score 6 or 7 (3+4)
at biopsy and serum PSA < 20 ng/mL. High-grade prostate cancer was defined as Gleason
score = 7 (4+3) at biopsy and serum PSA > 20 ng/mL. To participate in the study, all study
participants had to sign an informed consent form. Blood (15 mL) was collected. A
questionnaire that collected demographic information, medical and family history, and
lifestyle behaviors (i.e., cigarette smoking) was administered at the time of their prostate
biopsy visit. Medical history and clinical information such as Gleason score and serum PSA
were extracted from medical records.

All study participants gave a written informed consent to participate in this study. This study
received ethical approval by the Institutional Review Boards of Northwell Health, Emory
University, and The Pennsylvania State University College of Medicine.

Laboratory methods

Blood collected at prostate biopsy visit were processed into plasma and stored at —80°C.
Total RNA from plasma (250 pL) was extracted using miRNeasy Mini kits (Qiagen,
Germantown, MD) according to the manufacturer’s protocol. The final elution volume was
30 L with RNA vyield of 5.2-8.0 ug ND-2000 Spectrophotometer, NanoDrop Technologies,
Wilmington, DE. All samples had a RNA integrity numbers >9.0 and 260/280 nm
absorbance ratios >1.812, TagMan low density array cards A and B (Applied Biosystem,
Foster City, CA) were used to profile 733 miRNAs as laboratory methods are described
elsewhere in which the same miRNA profile data were used in the present study’3. U6
snRNA was used as the endogenous control to normalize the relative expression level of
each candidate miRNA. Cycle threshold (Ct) values were calculated using the SDS2.2.2.
Normalized expression was reported as 272ACt, Ct value greater than 40 was considered as
below the detection threshold of the array.

Statistical analysis

Chi-square or Wilcoxon rank sum test (when appropriate) was used to compare patient
characteristics (i.e., demographics, self-reported medical history, and clinical information)
between low-grade and high-grade prostate cancer cases. Ct values of miRNA expression
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levels were log transformed using base 2 before statistical analysis was performed. Only
miRNAs (n=197 out of 733 profiled) with 10 non-missing values in both low-grade and
high-grade prostate cancer groups were included in the analysis. Wilcoxon rank sum test
was used to compare expression of the miRNAs between low-grade and high-grade prostate
cancers. The PreprocessCore R packagel* was used to perform quantile normalization, then
the sva R packagel® was used to perform batch correction. Data was normalized and
adjusted for batch lab testing days. The limma R package® was used to compare miRNAs
expressions between the two prostate cancer risk groups, adjusting for age. MiRNAs were
ranked by the smallest ~-values. P-values were then adjusted for multiple comparisons and
g-values were computed using the Benjamini-Hochberg procedure. Linear regression was
used to model individual miRNA expression level on serum PSA and age in which the
partial correlation coefficient (/) between miRNAs and serum PSA was calculated by
prostate cancer risk group. The Jonckheere test, as implemented in the clinfun R package,
was used to calculate P-value for trend (unadjusted and the Bonferroni-adjusted p-values)
between Gleason score (6, 7 [3 +4], 7 [4 +3], 8, and 9-10) and the expression of each
miRNA.

The data were analyzed using R 3.4.117 and SAS version 9.4 (Cary, NC). Statistically
significance was set at alpha level 0.05.

There were 66 men, aged 46-86 years, with a newly prostate cancer diagnosis included in
the study, 40 with low-grade prostate cancer and 26 with high-grade prostate cancer. The
majority of the study population was white (66.7%). Patient characteristics did not differ
among the three study groups (Northwell Health, Penn State Health, and Emory Biomarker
Cohort) (Data not shown). Overall, there was no difference in patient characteristics between
low-grade and high-grade prostate cancers, except for serum PSA which was significantly
higher in men with high-grade prostate cancer as shown in Table 1 (~-value < 0.0001).

Of the 197 miRNAs evaluated in plasma, 12 had a statistically significant association with
high-grade prostate cancer, after adjusting for age; of these, four miRNA expressions
(miR-28, miR-100, miR-942, and miR-28-3p) were statistically significantly lower in high-
grade compared to low-grade prostate cancer cases as shown in Figure 1 (P-values < 0.04).
There were eight miRNA expressions (miR-708, miR-1298, miR-886-3p, miR-374,
miR-376¢, miR-202, miR-128a, and miR-185) that were statistically significantly higher in
high-grade compared to low-grade prostate cancer cases as shown in Figure 2 (P-values <
0.05). After adjusting for age and the ~-values for multiple comparisons, these miRNAs
were no longer statistically significant.

Among the 12 miRNAs, there were five miRNAs (miR-708, —1298, —886-3p, 128a, and
-100) that displayed a statistically significant trend of expression with increasing Gleason
scores as shown in Figure 3 (P-values < 0.03). After applying a Bonferroni correction, this
trend was no longer statistically significant. There was no statistically significant correlation
between serum PSA and the miRNA expression levels, after adjusting for age, except for
miR-128a among men with low-grade prostate cancer (r = 0.36; P-value = 0.05).
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Discussion

Circulating miRNAs such as in plasma and serum are noted for their stability in blood and
being non-invasive biomarkers8:19. However, identifying miRNAs as potential cancer
biomarkers has been challenging due to inconsistent study findings in which different
miRNAs associated with prostate cancer have been reported?%-22, These inconsistences may
be explain by differences in study population compared, samples collected and how they
were processed (i.e., serum, plasma, or isolated exosomes from serum/plasma), laboratory
methods used for detection, and data analysis performed on miRNA data (i.e., data
normalization and analysis with or without adjustment for multiple comparisons). In
addition, their cellular origin remains not known.

In the present study, there were 12 circulating miRNAs that were differentially expressed in
plasma between men with low-grade and high-grade prostate cancer at biopsy, after
adjusting for age. There were four miRNAs that had a lower expression and eight miRNAs
that had higher expression in men with high-grade prostate cancer compared to low-grade
prostate cancer. None of these miRNASs were associated with high-grade prostate cancer at
biopsy, after adjusting for age and multiple comparisons, possibly due to the small study
sample size. Nevertheless, relationships between these circulating miRNAs in plasma and
high-grade prostate cancer were observed which suggest them as promising prostate cancer
biomarkers. In addition, previous studies have reported relationships between these miRNAs
and poor prostate cancer outcomes, which suggest their potential as biomarkers for
aggressive prostate cancer.

Among the circulating miRNAs in plasma that had a lower expression in high-grade
compared to low-grade prostate cancer cases in the present study, miR-100 has shown to be
downregulated in various cancers including prostate cancer, primarily in prostate tissues
523-25 studies suggest that miR-100 can serve as a tumor suppressor or oncogene
depending on the tumor type, cell type, or mMRNA it targets. For prostate cancer, miR-100
has been shown to be a tumor suppressor whose expression has been downregulated in more
advanced stages of disease. A lower expression in prostate cancer tissue compared to normal
prostate tissue and lower expression in bone metastatic prostate cancer tissue compared to
primary prostate cancer tissue have been reported?3:24 . Studies have also reported
downregulation of miR-100 during prostate cancer progression?4. This decreased in
miR-100 expression with more advanced prostate cancer is consistent with our study finding
of lower expression levels among high-grade prostate cancer cases compared to low-grade
prostate cancer cases. However, higher expression of miR-100 in prostate tissues among
localized prostate cancer cases who had a biochemical recurrence after radical prostatectomy
was reported in a previous study2®. In the present study, circulating miR-100 in plasma
demonstrated a trend of lower expression with higher Gleason scores which may suggest its
relationship with more advanced prostate cancer as shown in previous studies that evaluated
miRNAs in prostate tissues. The present study demonstrates possible relationships between
circulating miR-100 in plasma and high-grade prostate cancer. Further evaluation of
circulating miR-100 as well as other miRNAs identified in the present study among men at
high-risk for aggressive prostate cancer at prostate cancer diagnosis and during disease
progression will provide more insight on their influence on aggressive disease.
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Among the circulating miRNAs in plasma that had a higher expression in high-grade
compared to low-grade prostate cancer cases in the present study, miR-708 and —376c have
been linked to factors associated with aggressive prostate cancer in tissues or prostate cancer
cell lines?”-28, MiR-708 has been previously associated with biochemical recurrence and
prostate cancer metastasis; however, the reported association with these outcomes was in
both directions. For example, Guo et al. reported upregulation of miR-708 in prostate tumor
samples from primary prostate cancer cases to metastasis prostate cancer cases?’, which
supports our study findings of higher expression of miR-708 in high-grade compared to low-
grade prostate cancer cases and the positive correlation observed between miR-708 levels
and Gleason score. However, Watahiki et al. found miR-708 statistically significantly
downregulated from primary prostate cancer cell lines to metastatic prostate cancer cell
lines, where it reached undetectable levelsi®. As for miR-376¢, downregulation of this
miRNA has been linked to prostate cancer progression directly or indirectly through its
targets such as via matrix metalloproteases and Thrombospondin-2, factors that contribute to
the development of metastatic disease2®. In addition, miR-376¢ has been shown to target
UDP-glucuronosyltransferases conjugating enzymes UGT72B15and UGTZB17which
control bioavailability of androgen, a steroid known to play a role in prostate cancer
progression30, Studies have shown miR-376¢ downregulated in metastatic prostate cancer
cell lines or tissues compared to normal prostate epithelial cell lines or tissues?8:30,
However, higher expression of miR-376c¢ in metastatic prostate tissues has been found to be
correlated with higher serum PSA (r=0.577; P-value=0.039)30. In the present study, no
statistically significant correlation was observed between the expression of circulating
miR-376 in plasma and serum PSA levels by prostate cancer grade status. Previous studies
have linked the expression of miR-708 and —376c¢ in prostate tissue or prostate cancer cell
lines to more aggressive disease. As for their relationship as circulating miRNAs with
aggressive prostate cancer, further investigation is warranted in a larger cohort of men with
prostate cancer.

A strength to the present study was that several miRNAs were examined to determine their
diagnostic potential for aggressive prostate cancer among men being screened for prostate
cancer. However, there were study limitations. Study participants came from three different
study populations; however, there were no difference in patient characteristics. We profiled
miRNA expression in a cohort of men screened for prostate cancer in which there were more
people who had low-grade prostate cancer compared to high-grade prostate cancer, possibly
due to early screening. In addition, our study was underpowered (< 80%) because of the
small sample size, in particular, men with high-grade prostate cancer. Another limitation was
that there was only 27% of the miRNAs evaluated in the analysis out of 733 miRNAs
profiled due to the minimum requirement of 10 men in the low-grade and high-grade
prostate cancer groups. Therefore, miRNAs that may be biologically relevant to aggressive
prostate cancer may have been missed due to the number of miRNAs detected in plasma
among the study participants in the present study. Finally, we did not examine miRNASs in
tumor tissue to confirm their tumor specificity. These men were identified at prostate biopsy;
therefore, surgical specimens were not obtained for miRNA profiling.
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Conclusions

In conclusion, there were miRNAs that were differentially expressed between low-grade and
high-grade prostate cancer, after adjusting for age, in the present study. However, these
miRNAs were not associated with high-grade prostate cancer, after adjusting for multiple
comparisons. Nevertheless, relationships between these circulating miRNAs in plasma and
high-grade prostate cancer were observed. In addition, higher expression of miR-100 and
lower expression of miR-708 in men with more advanced disease compared to early stage
disease are consistent with previous studies232427, Because circulating miRNAs are stable
in blood, a non-invasive biomarker, and differentially expressed between low-grade and
high-grade prostate cancer cases, they still remain promising prostate cancer diagnostic
biomarkers. Further evaluation of these circulating miRNASs in a larger cohort of men at
different stages of prostate cancer may provide more insight on their diagnostic potential for
aggressive prostate cancer.
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Figure 1.

Lower expression of microRNAs in high-grade compared to low-grade prostate cancer

identified at biopsy
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Higher expression of microRNAs in high-grade compared to low-grade prostate cancer

identified at biopsy
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Association between microRNA expression and Gleason score among prostate cancer cases

identified at biopsy
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Description of Study Population

Table 1.

Page 12

Low-grade Prostate Cancer High-grade Prostate Cancer P-value
(n=40 (n=26
Median age, years (n; range) 63.5 (40; 46-79) 65 (26; 47-86) 0.16
Median BMI, kg/m?2 (n; 25-75 percentile) 28.4 (39; 25.8-34.2) 27.9 (25; 25.8-30.5) 0.44
Race%o () ] e
White 62.5 (25/40) 73.1 (19/26)
Black 20 (8/40) 15.4 (4/26)
Asian 7.5 (3/40) 7.7 (2126)
Other 10 (4/40) 3.9 (1/26)
Ethnicity % (n) 0.39
Non-Hispanic 87.5 (35/40) 96.2 (25/26)
Hispanic 12.5 (5/40) 3.9(1/26)
Education % (n) 1.00
<11 years 7.9 (3/38) 4 (1/25)
> 12 years 92.1 (35/38) 96 (24/25)
Ever smoked cigarettes % (n) 0.94
Yes 62.5 (35/40) 61.5 (16/26)
No 37.5 (15/40) 38.5 (10/26)
BPH % (n) 1.00
Yes 7.5 (3/40) 4 (1/25)
No 92.5 (37/40) 96.0 (24/25)
Prostatitis % (n) 0.20
Yes 5.0 (2/40) 15.4 (4/26)
No 95.0 (38/40) 84.6 (22/26)
ASAP/atypia % (n) 0.16
Yes 27.6 (8/29) 9.1 (2/22)
No 72.4(21/29) 90.9 (20/22)
HGPIN % (n) 0.30
Yes 3.5 (1/29) 13.6 (3/22)
No 96.6 (28/29) 86.4 (19/22)
Family history of prostate cancer % (n) 0.29
Yes 20.6 (7/34) 8.7 (2/23)
No 79.4 (27/34) 91.3 (21/23)
Median serum PSA, ng/mL (n; 25-75 percentile) | 5 (39; 4.2-7.13) 10.0 (26; 6.6-20.5) <0.01

Note: BMI, body mass index; BPH, benign prostatic hyperplasia; ASAP, atypical small acinar proliferation; HGPIN, high-grade prostatic
intraepithelial neoplasia; PSA, prostate-specific antigen; statistically significance between low- and high-grade prostate cancer at A-value < 0.05.
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