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Abstract

Stable blood based miRNA species have allowed for the differentiation of patients with various
types of cancer. Therefore, specific blood-based miRNA might be considered as a methodology
which could be informative of the presence of cancer potentially from multiple distinct organ sites.
Recently, miR-21 has been identified as an “oncomir” in various tumors while miR-152 as a tumor
suppressor. In this study, we investigated whether circulating miR-21 and miR-152 can be used for
early detection of lung cancer (LuCa), colorectal carcinoma (CRC), breast cancer (BrCa) and
prostate cancer (PCa), with distinguishing cancer from various benign lesions on these organ sites.
We measured the two miRNA levels by using real-time RT-PCR in plasma samples from a total of
204 cancer patients, 159 various benign lesions, and 228 normal subjects. We observed signifi-
cantly elevated expression of miR-21 and miR-152 in LuCa, CRC, and BrCa when compared with
normal controls. We also found upregulation of plasma miR-21 and miR-152 levels in patients with
benign lesions of lung and breast, as compared to normal controls, respectively. No significant
expression variation of the two miRNAs was observed in PCa or prostatic benign lesions as
compared to healthy controls. Receiver operating characteristic (ROC) analyses revealed that
miR-21 and/or miR-152 can discriminate LuCa, CRC and BrCa from normal controls. Our results
suggest that plasma miR-21 and miR-152 may serve as non-specific noninvasive biomarkers for
early screening of LuCa, CRC, and BrCa, but not PCa.
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Introduction

Cancer is a severe health problem threatening
human life in the United States and many other parts
of the world. Among men in the United States, the
three most common cancers are prostate, lung and
bronchus, and colorectal cancers, which account for

about 50% of all newly diagnosed cancers with pros-
tate cancer (PCa) for 28% of incident cases alone!. The
three most commonly diagnosed types of cancer
among women are breast, lung and bronchus, and
colorectal, accounting for 51% of estimated cancer
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cases with breast cancer (BrCa) alone for 29% of all
new cancer cases'. Early cancer diagnosis is one
method of disease management, which could also
improve patient stratification and therapy response
prediction, and thus reduce the mortality.
Blood-based protein biomarkers, such as carcinoem-
bryonic antigen (CEA) for colorectal carcinoma
(CRC)? and prostate specific antigen (PSA) for PCa?,
have gained a lot of recognition with favorable dis-
ease outcome in the early diagnosis of these tumors.
However, the use of these biomarkers in screening for
early stages of PCa or CRC is still limited due to their
low sensitivity and specificity as well as their inability
to distinguish aggressive from indolent tumors, nor to
distinguish benign or precancerous lesions from ear-
ly-staged cancer +°. Currently, there are no protein or
other blood-based biomarkers are clinically available
for early screening of BrCa or lung cancer (LuCa), and
mammography or computed tomography (CT) are
currently applied as the standard (or emerging) ap-
proach for BrCa and LuCa screening, respectively.
Therefore, the development of novel and more sensi-
tive biomarkers for early cancer diagnosis is needed to
find supplement or complement approaches to the
existing detection methods.

MicroRNAs (miRNAs) are small (~22 nucleo-
tide), non-coding RNA molecules that have proven to
be post-transcriptional regulators of gene expression
by translational repression or degradation of targeted
transcripts in a wide variety of biological processes
including cell fate specification, proliferation, cell
death, energy metabolism, and tumorigenesis®. The
mature miRNA molecules circulating in plas-
ma/serum are very stable due to the miR-
NA-Argonaute-protein complex” 8, which provides
the most important advantage of the non-invasive
approach with remarkable stability and repeatability
of measurement’. Since circulating miRNAs were de-
tected in blood, they have been reported as an
emerging class of blood-based biomarkers with the
potential to provide information about distinct tumor
biology in individual patients®, and aberrant levels of
different circulating miRNAs species have been
demonstrated as potential diagnostic or prognostic
markers in various types of cancer, including lung!®
11, colorectal'? 13, prostate# 15, and breast cancer 1617,

MicroRNA-21 (miR-21) is one of the first mi-
croRNA to be described as an oncomir, which targets
on multiple tumor suppressors like PTEN'8, PDCD4%?,
p53 and TAp63 pathways?. Expression of miR-21 in
tumor cells is up-regulated in a wide variety of solid
tumors including prostate, colorectal, lung and breast
cancer?!, and elevated level of circulating miR-21 has
been persistently observed in cancer patients from
different populations by different researchers?-%,

Furthermore, overexpression of serum or plasma
miR-21 has been also found in other tumors including
that of gastric?, biliary?’, ovary?, cervix®, esophage-
al®, brain®, and liver32. These founding suggests that
circulating miR-21 could be used as a wuseful
blood-based diagnostic biomarker for various types of
human cancers. However, the altered circulating
miR-21 levels reported in these previous studies have
mostly been observed by comparing miR-21 levels
between cancer patients and healthy controls, with
few comparing cancer patients with subjects of benign
lesions. Thus, it still remains unclear whether circu-
lating miR-21 can distinguish early-staged cancer pa-
tient form those subjects with benign lesions.

Recently, downregulated expression of mi-
croRNA-152 (miR-152) has been observed in various
types of human cancer cell lines and tumor tissues
including gastrointestinal cancers®, endometrial can-
cers®, ovarian cancer®, and hepatocellular carcino-
ma3¢, indicating that miR-152 might have the potential
to act as a tumor suppressor in these tumors. Further
studies have verified DNA methyltransferase 1
(DNMT1) as a target for miR-152 downregulation via
a feedback mechanism of the CpG hypermethylation
in the gene promoter in cancer cells 3. In prostate
cancer, miR-152 can target TGFa to inhibit PCa cell
migration and invasion and also interact with ERBB3
to contribute to PCa progression?’ 4l. A recent study
has shown significantly differentiated level of circu-
lating miR-152 in patients with non-small cell lung
cancer (NSCLC), indicating it as a non-invasive bi-
omarkers for prediction of recurrence in resectable
(NSCLC) and the survival of squamous cell carcinoma
patients*2. An earlier study in urinary bladder cancer
demonstrated that the RNA expression ratio of
miRNA-126/miRNA-152 in urine sample enabled the
detection of bladder cancer from urinary tract infec-
tions and healthy individuals®>. However, no such
study about the diagnostic value of plasma miR-
NA-152 has been reported in prostate, breast, colon or
other human cancers so far.

In this study, to assess the diagnostic value of
circulating miR-21 and miR-152 in cancer, we meas-
ured the level of plasma miR-21 and miR-152 in sev-
eral cohorts of subjects including early staged cancer
(I, II) patients for the four types of common cancers
(breast, prostate, lung, and colon cancer), benign pa-
tients at the four organs, and healthy controls.

Patients and Methods

Patient Cohorts

Lung cancer: We enrolled a total of 143 plasma
samples from 55 patients with non-small cell lung
carcinoma (NSCLC), 35 patients with benign lesions
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and 53 random high risk controls at Rush University
Medical Center (Chicago, IL) between 2004 and 2010.
The early stage NSCLC patient inclusion criteria in-
cluded the disease confined to the chest without evi-
dence of distant metastases; no preoperative chemo-
or radiotherapy within 1 year of our initial blood
sampling; and a minimum of 2 years of clinical fol-
low-up data. Patients with benign lesions include
participants with a range of non-neoplastic pulmo-
nary disorders (e.g. granulomas, hamartomas, and
inflammatory lesions) as indicated in low-dose com-
puted tomography (LDCT) screen. High risk subjects
serving as normal controls in this study was defined
to be individuals aged 55 to 75 years, having a smok-
ing history of more than 30 pack-years, and having
quit less than 15 years before randomization. All be-
nign participants and high-risk individuals were fol-
lowed with annual LDCT and remained cancer-free
for a minimum 2-year follow-up. Cancer, benign and
control samples were approximately age-, race-, gen-
der-, and smoking status- matched as much as possi-
ble. Demographic information for these patients and
controls is listed in Table 1. All patient data were ac-
quired with written formal consent and in absolute
compliance with the institutional review board (IRB)
at Rush University Medical Center.

Breast cancer: Blood samples were obtained from
The Cooperative Human Tissue Network (CHTN)
Western Division and Southern Division, including 53
female sporadic breast cancer patients, 40 female pa-
tients with benign lesions, and 49 healthy females
who served as normal controls. Cancer patient histo-
pathology results were confirmed by surgical resec-
tion of the tumors and clinicohistopathological char-
acteristics and tumor stage were assessed based on
histobiopsy results. No preoperative chemotherapy or
radiotherapy was applied to cancer patients included

in this study. Breast benign lesions are defined as
hyperplasia, fibroadenomas, cysts and some unspeci-
fied findings diagnosed at this organ. Control blood
samples were collected from healthy women with no
history of malignant diseases and no inflammatory
conditions. All these cancer, benign and control sam-
ples were approximately age- and race- matched, as
shown in Table 1. Rush University Medical Center
IRB gave approval on the study with written consent
for using all the subject information and biospeci-
mens.

Prostate cancer: Unrelated men were recruited
between the years 2001 and 2006 from the Division of
Urology at Howard University Hospital in Washing-
ton, DC. Incident sporadic prostate cancer cases
(n=65), with no family history, were identified by a
urologist within the division or study coordinator and
confirmed by a review of medical records. Clinical
characteristics including Gleason grade, PSA, tu-
mor-node metastasis stage, age at diagnosis, and
family history were obtained for all cases from medi-
cal records. All these PCa patients were not given
preoperative chemo- or radiotherapy. Disease ag-
gressiveness was defined as “low” (T category <T2c
and/or Gleason grade <8) or “high” (T category _T2c
and/or Gleason grade _8). Benign subjects (n=51)
were recruited from men diagnosed with benign
prostatic hyperplasia (BPH) or high-grade prostatic
intraepithelial neoplasm (HGPIN) lesions but without
prostatic cancer. Healthy control subjects (n=74) un-
related to the cases and matched for age. Individuals
who were ever diagnosed with benign prostate hy-
perplasia and/or had a prostate-specific antigen
(PSA) value >2.5 ng/ml were not included as controls.
All participants were between 40 and 85 years of age.
The Howard University IRB approved the study and
written consent was obtained from all participants.

Table 1. Characteristics of cohorts of cancer patients, benign patients and normal controls. *Data are presented as median

age at diagnosed.

Lung Colorectal Breast Prostate

Cancer Benign Normal  Cancer  Benign  Normal Cancer  Benign Normal  Cancer  Benign Normal

(n=55) (n=35) (n=53) (n=31) (n=33) (n=52) (n=53) (n=40) (n=49) (n=65) (n=51) (n=74)
Sex
Male 31 19 24 17 17 30 65 51 74
Female 24 16 29 14 16 22 53 40 49
Race
Caucasian 53 34 50 20 24 34 50 40 42 35 26 43
Noncaucasian 2 1 3 11 9 18 3 7 30 25 31
Age*, yr
Median 67.42 59.74 60.06 63.71 59.62 59.06 53.04 47.27 60.78 62.01 65.22 62.14
Range 48-88 20-80 49-82 35-79 47-80 48-77 33-84 22-83 48-84 45-79 50-79 50-74
Tumor stage
Stage 1 43 26 19 37
Stage 2 12 5 34 28
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Colorectal cancer: Patients with CRC had a diag-
nosis determined at colonoscopy and confirmed by
final surgical pathology at Rush University Medical
Center. Early staged (Stage I or II) CRC patients
without evidence of nodal disease were included
(n=31). No any preoperative chemotherapeutical
treatment was given to all CRC patient participants.
Individuals (n=33) with adenomatous polyps were
defined as benign patients according to CRC screen-
ing. Healthy volunteers (n=52) matched to age and
race were individuals who underwent CRC screening
by colonoscopy that was negative for either adeno-
matous polyps or CRC. The study was approved by
the IRB of the Rush University Medical Center.

Plasma RNA extraction

The peripheral blood samples were collected
using EDTA-anticoagulative tubes and centrifuged at
4000 RPM for 10 min, followed by a 15 min
high-speed centrifugation at 12,000 RPM to com-
pletely remove cell debris. The supernatant serum
was stored at —80°C until analysis. Total RNA was
extracted from 200 pl of plasma using Qiagen miR-
Neasy Mini kit (Qiagen, Valencia, CA) according to
the manufacturer's protocol. In brief, the plasma was
mixed with QIAzol Lysis Reagent and chloroform.
After centrifugation at 12,000g at 4°C for 15 min, the
aqueous phase was transferred into another tube, and
1.5 volumes of absolute ethanol were added. The
mixture was then applied to miRNeasy Mini kit col-
umns, following by washing with RWT and RPE
buffers. The RNAs were finally eluted in 40 pl of
RNase-free water. For normalization of sam-
ple-to-sample variation during RNA extraction and as
internal control, same amounts of 25 fmol a synthetic
C. elegans miRNA-39 (Cel-miR-39) was added into
each plasma mixture.

Quantitative PCR

MiRNAs were measured using Tagqman miRNA
assay kits (Applied Biosystems, USA) according to the
manufacturer’s protocol. Briefly, about 30 ng enriched
RNA was reverse transcribed with a TagMan mi-
croRNA Reverse Transcription Kit (Applied Biosys-
tems, USA) in a 15 pL reaction volume. Expression
levels of miR-21 and miR-152 were quantified in trip-
licate by qRT-PCR using human TagMan MicroRNA
Assay Kits (Applied Biosystems, USA) on Eppendorf
iplex 4 system (Eppendorf North America,
Hauppauge, NY). Spiked-in Cel-miR-39 was used as a
normalizer for plasma miRNA quantification.

Statistical analysis

The relative expression of miR-21 and miR-152
was analyzed by using the 27244 <t method, as previ-
ously described®. The Mann-Whitney U test was used

to compare the expression of plasma miRNAs be-
tween the different groups. The Younden index de-
termined the threshold for the plasma miRNA con-
centrations. The correlation between clinicopathologic
features and plasma miRNA levels was determined
by Student’s t-test or X2 test. All tests were 2-sided
and a P value less than 0.05 (95% CI) was considered
statistically significant. Statistical analysis was per-
formed using SPSS 16.0 software (SPSS Ltd., UK).

Results

Patient Population

In this study a total of 591 participants were re-
cruited, including 204 cancer patients (55 LuCa, 31
CRC, 53 BrCa and 65 PCa), 159 benign lesions (35 lung
benign nodules, 33 advanced colon adenomas, 40
breast benign lesions and 51 BPHs/HGPINSs), and 228
normal subjects (Table 1). For each type of cancer,
only early-staged patients (stage I or II) were selected.
The independent normal subjects were recruited sep-
arately and matched in race, sex and age for each type
of cancer and benign lesions. The cohort of normal
subjects for lung cancer was also described as a
“high-risk” population, in which all the healthy sub-
jects have had a smoking history of more than 30
pack-years and quit less than 15 years. Colorectal
advanced adenomas, which is considered as precan-
cerous lesion, was also included in the group of “be-
nign lesions” in this study. Only matched healthy
females and males were included in the cohort of
normal subjects for BrCa and PCa, without significant
difference in age or race when compared to the pa-
tient groups, respectively.

Evaluation of plasma miR-21 and miR-152 ex-
pression level in cancer patients

To evaluate the diagnostic value of oncomir
miR-21 for the four common types of cancer, the levels
of plasma miR-21 were measured in all 204 recruited
cancer patients with LuCa, CRC, BrCa and PCa, and
in the four independent normal control cohorts, as
shown in Table 2 and Fig. 1. We found the mean rela-
tive level of plasma miR-21 was increased in LuCa
patients with 2.39-fold change when compared to
high-risk controls (p=1.07x10+) (Fig. 1a), and 1.92-fold
change in BrCa patients with comparison to the
matched healthy females (p=0.03) (Fig. 1c. We also
observed a slight up-regulation of miR-21 in CRC
(1.23-fold, Fig. 1b) and PCa patients (1.21-fold, Fig.
1d), with no significant differences when compared to
healthy controls (Table 2).

It has been previously shown that miR-152 func-
tions as a tumor suppressor with evidence of de-
creased expression in various types of tumors3-%¥. To
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investigate whether plasma miR-152 is differentiated
in the selected four common types of cancers, we
measured the expression level of circulating miR-152
among cancer patients, benign individuals and
healthy controls. Unexpectedly, we observed in-
creased level of miR-152 in cancer patients of LuCa,
CRC and BrCa when compared to normal controls
(Figs. 1e-h). As shown in Table 2 and Fig. 1, significant
up-regulated miR-152 expression was observed with
2.68-fold change in LuCa patients (p=1.52x10+) (Fig.
1e), 2.03-fold in CRC (p=0.02) (Fig. 1f), and 2.91-fold in
BrCa (p=2.75x103) (Fig. 1g), when compared to nor-
mal controls, respectively.

Up-regulation of plasma miR-21 miR-152 ex-
pression in patients with benign lesions

We also examined the plasma miR21 and
miR-152 expression levels in the selected four groups
of benign patients. We did not observe significant
difference of plasma miR-21 expression in benign pa-
tients as compared to cancer patients in all four se-
lected types of diseases (Table 2, Figs. 1a-d). As com-
pared with normal controls, significant higher level of
miR-21 was observed in lung benign patients
(p=4.42x103), while no difference was observed be-
tween benign patients and normal individuals in the
other three types of disease (Table 2, Figs. 1a-d).
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Compared to normal controls, elevated levels of
miR-152 were also observed in lung benign patients
with 1.98-fold change (p=0.02) (Fig. 1e), and in breast
benign patients with 3.41-fold change (p=2.3x10)
(Fig. 1g), respectively. No significant difference of
miR-152 expression was seen between prostate and
colorectum benign patients and their matched normal
subjects (Figs. 1f and 1h). Interestingly, we noticed
significant difference of miR-152 in CRC patients and
patients with adenomatous polyps (Table 2, Fig. 1f).

Table 2. Expression changes of plasma miR-21 and miR-152 in
early stage cancer cases, benign patients and healthy controls. Bold
indicates statistical significance of expression level with * for
p<0.05 and ** for p<0.001.

miRNAs  Cancer vs. Normal Cancer vs. Benign Benign vs. Normal
Fold Pvalue  Fold P Fold P value
change change value change

miR-21
Lung 2.39 1.07E-04** 1.14 029 210 4.42E-03
Colorectal 1.23 0.28 0.99 049 096 0.22
Breast 1.92 0.03* 0.88 031  1.69 0.07
Prostate  1.21 0.37 141 023 085 0.38
miR-152
Lung 2.68 1.52E-04** 1.38 015 198 0.02*
Colorectal 2.03 0.02* 1.99 0.01*  1.02 0.46
Breast 291 2.75E-03* 0.76 019 341 2.33E-04**
Prostate  1.16 0.41 1.26 033 091 0.28
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Figure 1. Plasma expression levels of miR-21 and miR-152 in 4 types of cancer patients, benign patients and normal controls. The
relative expression level of miR-21 and miR-152 was determined as ACt = Ctz5; or Ctyir.is2— Cteamin-39- Statistical significance of miRNAs expression

level was asterisked as * for p<0.05 and ** for p<0.001.
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The diagnostic value of miR-21 and miR-152
for cancer early detection

To further evaluate the diagnostic efficiency of
plasma miR-21 and miR-152 in discriminating pa-
tients with early-staged cancer from healthy individ-
uals and benign patients, receiver-operator character-
istic (ROC) analyses were applied in these different
groups between which statistically significant expres-
sion level of plasma miR-21 or miR-152 was observed.
As shown in Fig. 2, the differentiated miR-21 was
found to be able to distinguish cancer patients with
LuCa or BrCa from matched normal controls, with
area under the receiver-operator characteristic (AUC)
values of 0.701 for lung cancer (Fig. 24) and 0.613 for
breast cancer (Fig. 2c), respectively. Comparatively,
miR-152 exhibited AUC values of 0.701 for lung can-
cer (Fig. 2b) and 0.687 for breast cancer (Fig. 2d) in the
discrimination of cancer from normal individuals.
Furthermore, miR-152 was also able to distinguish
CRC patients from the matched healthy individuals
with AUC of 0.539 (Fig. 2¢). Neither miR-21 nor
miR-152 was observed to be able to discriminate
prostate cancer patients from the matched healthy

controls in this presented study.

With significantly differentiated level in cancer
CRC patients as compared to patients with adeno-
matous polyps, plasma miR-152 was considered to be
able to distinguish CRC from benign colorectal polyp
lesions, with a slight AUC of 0.537 (Fig. 2f) exhibited
in the cohort of 31 cancer patients. No such observa-
tion was obtained for miR-152 in the other three types
of cancers when compared to benign patients. The
expression level of plasma miR-21 was not signifi-
cantly changed when compared between cancer vs.
benign groups in all the four types of cancers.

Discriminating efficiency of plasma miR-21 and
miR-152 between cancer and non-cancer

To further evaluate the diagnostic value of
plasma miR-21 and miR-152 in distinguishing cancer
from benign and normal individuals, we analyzed the
expression level of these two miRNAs by re-grouping
these subjects. We first grouped benign patients to-
gether with matched normal individuals as a
“non-cancer” group, and then compared the expres-
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Figure 2. ROC analyses for distinguishing cancer from normal controls and benign lesions in LuCa, BrCa and CRC using miR-21 and
miR-152. (a) miR-21 for LuCa vs. normal, (b) miR-152 for LuCa vs. normal, (c) miR-21 for BrCa vs. normal, (d) miR-152 for BrCa vs. normal, (€) miR-152
for CRC vs. normal, and (f) miR-152 for CRC vs. polyps.
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sion level of plasma miR-21 and miR-152 between
cancer vs. non-cancer group for all the four types of
cancers (Table 3). Significant higher level of plasma
miR-21 was observed with 1.85-fold change in lung

Table 3. Comparison of miR-21 and miR-152 expression
between different status cancers vs non-cancers and
diseases vs non-diseases. Bold indicates statistical significance
of expression level with * for p<0.01 and ** for p<0.001.

cancer patients as compared to non-cancer groups  Types Cancer vs. Non-cancer Disease vs. Normal
. . . . . Fold change P value Fold change P value
(p<0.001). The relative AUC for miR-21 in discrimina- ~ ——— B 8
tion of lung cancer from non-cancer was 0.645 (Fig.  Lung 185 244F-03* 208 437E-05**
3a). However, no such significant alteration was  Colorectal 116 032 123 0.23
found for miR-21 between cancer and non-cancer grea“ 1‘24 g-g; (1)'23 g'gi*
. rostate - . . .
groups in the other three types of cancers (Table 3). .- o
On the other hand, the elevated expression level of  Lung 2.07 152603 239 1.84E-04**
miR-152 was observed significantly in cancer group  Colorectal 201 267E-03* 141 0.08
h P . Breast 1.38 0.12 2.93 1.63E-04**
when compared to non-cancer individuals with about
Prostate 1.14 0.35 0.96 0.48
2-fold change (p<0.01) for both LuCa and CRC (Table
3), and the corresponding AUC values were 0.652 for
LuCa and 0.537 for CRC, respectively (Figs. 3b and 3c).
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Figure 3. ROC analyses for miR-21 and miR-152 in discriminating cancer vs. non-cancer and disease vs. normal. (a) miR-21and (b) miR-152
for LuCa vs. Non-cancer, (c) miR-152 for CRC vs normal, (d) miR-21 and (e) mir-152 for “lung disease” vs. normal, (f) miR-21 and (g) mir-152 for “breast
disease” vs. normal. Non-cancer, combined group of normal controls and benign patients. Disease, combined group of cancer patients and benign patients.
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Since there was no significant difference of
plasma miR21 and miR-152 between cancer groups
and benign patient groups in almost the four types of
cancers (except miR-152 in cancer vs benign in CRC)
(Table 2), we combined cancer patients and benign
patients into a “disease” group, and compared the
expression level of these two miRNAs between “dis-
ease” and normal controls. Significant differences
were observed for both miR21 and miR-152 in lung
and breast “disease” group (all p<0.05), but not in
colorectal or prostate disease (Table 3). The AUCs of
miR-21 and miR-152 in distinguishing disease from
normal were 0.682 and 0.674 for lung (Figs. 3d and 3e¢),
0.603 and 0.704 for breast (Figs. 3f and 3g), respec-
tively.

Discussion

In this present study, we evaluated plasma
miR-21 and mir-152 as potential diagnostic bi-
omarkers for early detection of multiple types of
cancer. Our results confirmed significantly elevated
miR-21 level in lung cancer patients and breast pa-
tients, but not in CRC or PCa patients. Unexpectedly,
we observed up-regulated expression of plasma
miR-152 in lung, breast, and colorectal cancer. To our
knowledge, this is the first report to reveal the associ-
ation of plasma miR-152 level with multiple types of
cancer. We also investigated the expression level of
miR-21 and miR-152 in the four groups of patients
with benign or precancerous lesions at one of lung,
colorectum, breast or prostate sites. Our results indi-
cated significant lower level of miR-152 in patients
with adenomatous polyps as compared to CRC pa-
tients, but not in the other three benign patients
groups. In addition, no significant difference of mir-21
expression was observed between benign patients and
cancer patients in all the four selected types of cancer.

Currently, published studies on circulating mi-
croRNAs as cancer detection biomarkers, mostly fo-
cusing on a specific type of cancer, have identified a
wide variety of microRNAs for multiple types of
cancers. However, results from these studies may lead
to misunderstanding of the identified miRNAs as
potential biomarkers specific for a certain type of
cancer. For example, miR-21 was such a miRNA can-
didate identified in many independent studies, in
each of them it was suggested as a biomarker for a
certain disease by the researcher. Therefore, simulta-
neous assessment of a cancer-related miRNA marker
in various types of cancer and disease status could
improve the sensitivity and specificity of this marker
for cancer prediction. In this study, we evaluated
miR-21 in the four most common types of cancer and
the corresponding benign lesions, and our results
suggest that miR-21 was a non-specific biomarker for

early cancer screening, which was not able to distin-
guish malignancy from non-cancerous benign lesions.

The oncomir miR-21 is believed to play a role in
a wide variety of cancers, and high level of plasma or
serum miR-21 has been reported in various can-
cers?-®, It is well known that miR-21 is a secreted
miRNA which is derived from exosomes* 4. When
tumors actively release exosomes into peripheral cir-
culation, the miRN A molecule contained in exosomes
would act as a diagnostic biomarker for cancer 4.
Interestingly, it is shown that postoperative reduc-
tions in circulating miR-21 levels occurred exclusively
among cancer patients with potentially curative sur-
geries or chemotherapy treatment, indicating that
circulating miR-21 would also serve as a long-term
follow-up biomarker in cancer prognosis-48. Moreo-
ver, miR-21 has also been shown to be involved in
development of other human diseases, including
heart disease with observation of significantly
down-regulated miR-21 expression in acute myocar-
dial infarcted areas* . We also observed higher ex-
pression level of plasma miR-21 in benign diseases in
lung and breast in the cohorts of samples we used in
this study. These observations altogether indicated
that miR-21 may be involved in multiple types of
diseases, inflammatory process, and responses to
chemotherapeutical drugs, and therefore the circu-
lating miR-21 may not be an ideal specific biomarker
for the detection of cancer.

MiR-152 is a member of the miR-148/152 fami-
ly®. Like the other two members, miR-148a and
miR-148b, miR-152 is involved in the growth and de-
velopment of normal tissues, as well as in the genesis
and development of disease®!. It has been shown that
miR-152 functions as a tumor suppressor, and its ex-
pression is decreased in various tumor tissues 3339
Surprisingly, increased level of plasma miR-152 was
observed in lung, breast and colon cancer patients and
in patients with lung or breast benign lesions, as
compared to matched normal controls in this study
(Table 2 and Fig. 1). Unlike the oncomir miR-21,
which is high expressed in both tumor tissues and in
blood of cancer patients, this observation of increased
miR-152 level in plasma samples from various cancer
patients was unexpected because miR-152 is believed
to be down-regulated in the tumor tissues. Actually,
recent studies have supported the “inconsistency” of
high circulating miR-152 level in cancer patients with
several pieces of evidence in bladder cancer and lung
cancer #» 52, In lung cancer, plasma miR-152 expres-
sion level was indicated to significantly predict sur-
vival of squamous cell carcinoma, with a low plasma
miR-152 level associated with poor disease-free sur-
vival of NSCLC patients®2. However, a very recent
study in bladder cancer revealed that high circulating
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miR-152 level was presented in bladder cancer pa-
tients which was independently associated with tu-
mor recurrence of nonmuscle-invasive bladder cancer
and worse recurrence-free survival®. As this is the
first report on high circulating miR-152 level in ear-
ly-staged cancer of lung, breast, colorectal, and pros-
tate, further studies are needed to confirm in our
findings in larger size of samples. Moreover, it will be
worthy to further investigate the underlying mecha-
nism of this non-coincidence of miR-152 high level in
plasma and its low presence level in tumor tissues.

In this present study, we observed slight to me-
dium predictive efficiency of miR-21 and miR-152 in
discrimination of LuCa, CRC, and BrCa from normal
controls, with little valuable power in distinguishing
cancer from benign lesions. We realized that the size
of subjects including cancer patients, benign patients
and normal controls were still small for each type of
cancer, limiting the evaluation on miR-21 and
miR-152 as predictive biomarker in early detection of
cancer. However, we still believed that the nature of
miR-21 and miR-152 expression in plasma which was
revealed in the multiple cohorts of samples is the key
point for that. Therefore, searching for more specific
and powerful miRNA biomarkers to discriminate
early cancer from precancerous lesions for these
common types of cancer using novel strategies is still
warranted.

Conclusions

In this study, we detected the plasma miR-21 and
miR-152 expression level in patients with lung, breast,
colorectal and prostate cancer, with comparison to
that in matched normal controls and patients with
benign lesions at the respective organ sites. Our re-
sults showed the increasing levels of plasma miR-152
and miR-21 in some types of cancer patients and in
some patients with benign lesions, with limited pre-
dictive value in discriminating cancer from healthy
controls and benign lesions. Further studies aiming at
searching for more specific and sensitive miRNA
biomarkers for early detection of each types of cancer,
especially in distinguishing cancer from benign le-
sions, are still needed.
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