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Abstract

Background Cancer is a serious public health problem worldwide, and difficulty in early diagnosis has been the chief obstacle
to improve the prognosis of patients. Recently, microRNAs (miRNAs) were widely studied to be potential biomarkers for
cancer detection. miR-16 is a prevalent but sophisticated one. In the current study, we aimed to assess the diagnostic value
of serum miR-16 for cancer detection.

Methods A total of 1458 cancer patients, containing ten types of cancers, and 1457 non-cancer controls were recruited in this
study. qRT-PCR was used for the amplification of miRNAs. In addition, a meta-analysis of reported studies was performed
to confirm our findings systematically.

Results Consequently, miR-16 was down-regulated in ESCC, GCA and GNCA patients compared with NCs (all P <0.001),
while up-regulated in PDAC patients (P =0.001), LAC, LSCC and EEC patients (all P <0.001). But no significant differ-
ences were observed in CRC, EOC and TC patients when compared to NCs (P=0.747, 0.235 and 0.268, respectively). The
areas under the receiver operating characteristic (ROC) curve of miR-16 in GCA, ESCC, LAC, LSCC, GNCA, PDAC and
EEC were 0.881, 0.780, 0.757, 0.693, 0.602, 0.614 and 0.681, respectively. Results of meta-analysis showed that miR-16
achieved an overall pooled sensitivity of 0.72, specificity of 0.79, and AUC of 0.85, suggesting that miR-16 was a promising
biomarker in cancer detection.

Conclusions We provided a comprehensive view of the diagnostic value of serum miR-16 in cancer diagnosis, and confirmed
that circulating miR-16 could play an important role in cancer detection.
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Introduction

Cancer remains an enormous burden on society in both
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lifestyle behaviors and reproductive changes, and deteriorat-
ing environment is also to blame. Among various cancers,
lung and breast cancer are the most common malignancies
and the leading causes of cancer death in men and women,
respectively. Liver, stomach, colorectum and cervix uteri
cancer are also frequently diagnosed cancers worldwide.
What is more, most cancers are diagnosed in advanced-stage
because of non-specific symptoms, and there is currently
a lack of effective treatments for patients with advanced-
stage cancer. Therefore, it is imperative to seek suitable
diagnostic tools in early diagnosis of tumor. Currently, his-
tological diagnosis of biopsy is still the gold standard for
cancer detection. In spite of its relatively high sensitivity
and specificity, this cancer screening is inconvenient and
invasive (Wittmann and Jack 2010). Moreover, the circulat-
ing biomarkers, such as carcinoembryonic antigen (CEA),
carbohydrate antigen 19-9 (CA19-9) and prostate-specific
antigen (PSA), are limited in clinical practice for insufficient
diagnostic accuracy (Hanash et al. 2011). Thus, reliable non-
invasive markers are urgently needed for the early diagnosis
of various cancers.

Recently, microRNAs (miRNAs) were widely stud-
ied in cancer biology. MiRNAs are endogenous 20-22 nt
non-coding RNAs that post-transcriptionally regulate gene
expression and function as oncogenes or tumor suppressors
by degrading target mRNAs or blocking their translation
(Bartel 2004; Calin and Croce 2006). Accumulating evi-
dence has shown that miRNAs could be stably detected in
circulating plasma or serum, and circulating miRNAs have
emerged as reliable biomarkers for the early diagnosis of
cancer (Mitchell et al. 2008). A series of studies have proved
the diagnostic value of circulating miRNAsS in various can-
cers (Johansen et al. 2016; Yamada et al. 2015; Zhou et al.
2015). Among numerous miRNAs, miR-16 is one of the
most representative miRNAs, which has been extensively
studied in many tumors. Generally, miR-16 was used as a
reference gene for the quantification of circulating micro-
RNAs in cancer patients (Song et al. 2012). Nevertheless,
many studies have shown that circulating miR-16 could act
as a diagnostic biomarker to discriminate cancer patients
from non-cancer controls, and yet the results of diagnostic
accuracy were inconsistent.

In view of the inconformity above, we measured the
expression level of miR-16 using qRT-PCR in serum
samples from non-cancer controls (NCs) and ten types
of common cancers, including colorectal cancer (CRC),
endometrioid endometrial cancer (EEC), epithelial ovar-
ian cancer (EOC), esophageal squamous cell carcinoma
(ESCCQC), gastric non-cardia adenocarcinoma (GNCA), gas-
tric cardia adenocarcinoma (GCA), lung adenocarcinoma
(LAC), lung squamous cell carcinoma (LSCC), pancreatic
ductal adenocarcinoma (PDAC) and thyroid cancer (TC),
to assess the diagnostic performance of miR-16 in various
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cancers. In addition, we performed a meta-analysis of pre-
vious reported studies to evaluate the pooled accuracy of
circulating miR-16 in cancer detection.

Materials and methods
Clinical samples

A total of 2915 participants, which consist of 190 CRC
patients vs. 197 NCs, 82 EEC patients vs. 90 NCs, 128
EOC patients vs. 128 NCs, 208 ESCC patients vs. 208
NCs, 219 GNCA patients vs. 212 NCs, 91 GCA patients
vs. 100 NCs, 159 LAC patients vs. 159 NCs, 110 LSCC
patients vs. 110 NCs, 155 PDAC patients vs. 137 NCs
and 116 TC patients vs. 116 NCs, were recruited from the
First Affiliated Hospital of Nanjing Medical University
and the Affiliated Hospital of Jiangnan University between
2013 and 2016. All the cancer patients were histopatho-
logically conformed by histopathological examination or
biopsy, and all participants were without previous history
of cancer and previous history of receiving chemotherapy
or radiotherapy. And a group of 1457 normal controls
(NCs) collected from 2013 to 2016 were recruited from
a large pool of people seeking a routine health check-up
at Hospital. People who showed no evidence of disease
(including cancer and precancerous lesion) were selected
as NCs. All the procedures were approved by the Eth-
ics Committee of the First Affiliated Hospital of Nanjing
Medical University and the Affiliated Hospital of Jiangnan
University in compliance with the Declaration of Helsinki,
and the written informed consent was obtained from each
participant.

Sample preparation and RNA extraction

Five millilitres of peripheral blood sample was collected
from each participant before initial treatment. Blood speci-
mens were separated into serum and cellular fractions by
centrifugation at 3000 rpm for 10 min and 12,000 rpm for
2 min within 12 h after collection. Serum samples were
stored at — 80 °C for further processing.

Total RNA was extracted from 200 pl serum sample
using the mirVana PARIS Kit (Ambion, Austin, TX, USA)
in accordance with the manufacturer’s protocol. After dena-
turising, 5 pl of synthetic C. elegans miR-39 (cel-miR-39)
(5 nM/L, RiboBio, Guangzhou, China) was spiked into each
sample for controlling variability in RNA extraction and/
or purification procedures. The ultraviolet spectrophotom-
eter was used to evaluate the concentration and purity of the
extracted total RNA.
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Quantitative RT-PCR and data normalization

The amplification of miRNAs was conducted using the
specific primers of reverse transcription (RT) and poly-
merase chain reaction (PCR) from Bulge-Loop™ miRNA
qRT-PCR Primer Set (RiboBio, Guangzhou, China). The
quantification of PCR product was evaluated by the level
of fluorescence in emitted by SYBR Green (SYBR® Pre-
mix Ex Taq™ II, TaKaRa). RT reactions were carried out
at 42 °C for 60 min followed by 70 °C for 10 min. The
gqRT-PCR was conducted on LightCycler® 480 Real-Time
PCR System (Roche Diagnostics, Mannheim, Germany) in
384-well plates at 95 °C for 20 s, followed by 40 cycles of
95 °C for 10 s, 60 °C for 20 s and then 70 °C for 10 s. The
specificity of PCR products was evaluated by the melting
curve analysis. All reactions were performed in triplicate.
The relative expression levels of miR-16 were determined
using the 2744€ method relative to the control miRNA
(cel-miR-39), ACt=Ct_ iz _ 16— Cleel—mir39-

Statistical analysis

Mann—Whitney test was used to analyze differential miR-
NAs expression between cancer patients and NCs. Clinical
characteristics among different groups and their associa-
tions with miRNA were evaluated with one-way ANOVA
or y* test. Receiver operating characteristic (ROC) curves
and the area under the ROC curve (AUC) were used to esti-
mate the diagnostic value of miR-16 for various cancers.
All the statistical analyses were performed using SPSS
software (version 20.0, IBM, USA). A P value <0.05 was
defined statistically significant.

Meta-analysis

A comprehensive literature search in PubMed, Embase,
Web of Science and the Cochrane Library until August
16, 2016, was conducted using the following search terms:
(neoplasms or cancer or tumor or malignancy) and (micro-
RNA-16 or miRNA-16 or miR-16) and (diagnosis or sensi-
tivity or specificity). We manually searched the references
of articles to explore potentially additional studies. And
publication language was limited to English.

Studies were eligible if they met the following criteria:
(1) expression of circulating (blood, plasma, and serum)
miR-16 was assessed in any type of cancer; (2) cancer
patients should be confirmed by a golden standard test;
and (3) the association between miR-16 expression lev-
els and cancer diagnosis was investigated. Articles were
excluded if they met the exclusion criteria: (1) reviews

or comments or letters; and (2) studies were identified as
duplicates or lack of key data.

Two investigators carefully and independently reviewed
eligible articles and extracted the following data: first
author, publication year, country of origin, ethnicity, total
number of participants, cancer types, source of control,
specimen, sensitivity, specificity and other relevant data
for meta-analysis. Quality Assessment of Diagnostic
Accuracy Studies 2 (QUADAS-2) was used to assess the
quality of selected studies (Whiting et al. 2011).

All statistical analyses were performed using Meta-
Disc 1.4 and Stata 12.0 software. Numbers of true-pos-
itive (TP), false-positive (FP), false-negative (FN), and
true-negative (TN) were analyzed and pooled sensitivity,
specificity, positive likelihood ratio (PLR), negative likeli-
hood ratio (NLR), and diagnostic odds ratio (DOR) were
calculated using the bivariate meta-analysis model. The
summary receiver operator characteristic (SROC) curve
was also plotted to evaluate the diagnostic accuracy of
miR-16 in cancer. Deek’s funnel plot was performed to
assess the publication bias.

Results
Characteristics of study subjects

A total of 2915 participants were recruited in this study.
Ten types of cancers, including CRC, EEC, EOC, ESCC,
GNCA, GCA, LAC, LSCC, PDAC and TC. The clini-
cal features of patients and NCs are listed in Table 1 and
Table S1-S10. For each type of cancer, there was no sig-
nificant difference in the distribution of gender or age
between patients and NCs.

Table 1 Clinical characteristics of cancer patients and non-cancer
controls

Cancer type Number Age (mean+SD) Gender

Male Female

CRC 190 63.72+10.29 123 (64.7%) 67 (35.3%)
EEC 82 61.02+15.83 0 82

EOC 128 57.73+9.23 0 128

ESCC 208 65.04+11.55 122 (58.7%) 86 (42.3%)
GNCA 219 60.78 +10.83 123 (56.2%) 96 (43.8%)
GCA 91 66.13+12.46 68 (74.7%) 23 (25.3%)
LAC 159 61.38+11.21 102 (64.2%) 57 (35.8%)
LSCC 110 62.57+13.37 87 (79.1%) 23 (20.9%)
PC 155 62.38+12.59 89 (57.4%) 66 (42.6%)
TC 116 44.78 +8.06 30 (25.9%) 86 (74.1%)
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Fig. 1 Expression level of miR-16 in the serum of ten cancer patients and NCs. Horizontal line: mean with 95% CI

Expression patterns of serum miR-16

The expression level of serum miR-16 was evaluated in
all ten common types of cancers and in the ten independ-
ent NCs. As shown in Fig. 1, the scatter dot plot demon-
strated the relative expression of miR-16 in cancers and
NCs. However, the results of different cancers varied. In
digestive system cancers, miR-16 was down-regulated in
ESCC, GCA and GNCA patients compared with NCs (all
P <0.001), while up-regulated in PDAC patients (P =0.001).
But there was no significant difference of miR-16 expres-
sion was observed in CRC patients when compared to NCs
(P=0.747). Unlike esophagus and gastric cancers but simi-
lar to pancreatic cancer, miR-16 was significantly overex-
pressed in NSCLC (non-small-cell lung cancer), including
LAC and LSCC (both P <0.001). In female genital tumors,
such as EEC and EOC, and in TC which generally occurred
in women, we only observed up-regulation of miR-16 in
EEC (P <0.001), but there was no significant difference in
EOC and TC (P=0.235 and 0.268, respectively).

Diagnostic value of serum miR-16

ROC curve analysis was applied to evaluate the diagnostic
value of serum miR-16 in the groups between which statisti-
cally significant expression level of miR-16 was observed.
As shown in Fig. 2, the diagnostic accuracy of miR-16 was
relatively good in GCA against NCs (AUC=0.881, 95%
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CI 0.831-0.930, sensitivity = 86.0%, specificity =78.0%).
And the diagnostic performance of miR-16 in discriminat-
ing ESCC from NCs (AUC=0.780, 95% CI 0.736-0.824,
sensitivity =80.2%, specificity =64.0%) and LAC from NCs
(AUC=0.757, 95% CI 0.701-0.813, sensitivity =62.2%,
specificity =82.8%) was also meaningful. However, miR-
16 exhibited relatively low AUC values of 0.693 (95% CI
0.622-0.765, sensitivity =50.9%, specificity =91.0%) for
LSCC, 0.602 (95% CI 0.548-0.656, sensitivity =73.0%,
specificity =51.4%) for GNCA, 0.614 (95% CI 0.548-0.679,
sensitivity =48.1%, specificity =81.0%) for PDAC and
0.681 (95% CI 0.601-0.762, sensitivity =41.3%, specific-
ity =86.7%) for EEC in the discrimination of cancer patients
from NCs.

Meta-analysis of circulating miR-16 in cancer
detection

After carefully and strictly filtering, a total of 13 eligible
articles were included in the final meta-analysis (El-Abd
et al. 2015; Ell et al. 2013; Fan et al. 2016; Fang et al. 2012;
Gao et al. 2014; Guo et al. 2016; Liu et al. 2013; Maclellan
et al. 2012; Mahn et al. 2011; Qu et al. 2011; Wang et al.
2014; Zhang et al. 2015; Zhu et al. 2014). The main charac-
teristics of the 13 included studies are listed in Table 2. The
publication year of the 13 articles range from 2011 to 2015.
A total of 2120 subjects including Asians, Caucasians and a
few Africans were enrolled in our meta-analysis. Serum or
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Fig.2 Receiver-operating characteristic (ROC) curves for serum miR-16 to discriminate EEC, ESCC, GCA, GNCA, LAC, LSCC and PDAC

patients from NCs, respectively. AUC: areas under the curve

plasma miR-16 was evaluated in various cancers including
gastric cancer, NSCLC, hepatocellular carcinoma, pancre-
atic cancer, prostate cancer, oral cancer, melanoma, NPC
(nasopharyngeal carcinoma) and DLBCL (diffuse large B
cell lymphoma). The QUADAS-2 tool was used to assess
the quality of articles, and most studies turned out to be
relatively high quality (Figure S1).

The forest plots of sensitivity and specificity for circulat-
ing miR-16 in detecting cancers are shown in Fig. 3. The
pooled results for sensitivity and specificity were 0.72 (95%
CI 0.70-0.75) and 0.79 (95% CI 0.76-0.81), respectively.
And the pooled PLR, NLR and DOR were 3.70 (95% CI
2.51-5.45), 0.33 (95% CI 0.24-0.44) and 12.84 (95% CI
6.88-23.98), respectively (Figure S2). The SROC curve with
an overall AUC of 0.8519 indicated a relatively high diag-
nostic accuracy of circulating miR-16 in cancers.

Publication bias of the included studies was checked by
Deeks’ funnel plot asymmetry test. The slope coefficient was
associated with a P value of 0.144 suggesting an existing
low likelihood of publication bias (Fig. 4).

Discussion

Despite the improvements in diagnostic and therapeutic
approaches, malignant tumors still remain one of the lead-
ing causes of death all over the world. Thus, novel biomark-
ers are urgently needed for cancer early detection. Over the
past decade, emerging evidence has shown that circulating

miRNAs played an important role in the diagnosis of various
cancers. Among the various miRNAs, miR-16 is a relatively
special one. Although the researches on miR-16 develop fast,
the role of miR-16 in cancer is dubious. Interestingly, cir-
culating miR-16 was found as a suppressor gene in many
researches but an oncogene in some other studies. It was also
common to apply miR-16 as the housekeeping gene for PCR
data normalization in some cancers. We were very curious
about the discrepancy between different studies and cancer
types. In view of this, in the present study, we evaluated the
expression level of serum miR-16 in various cancers and
non-cancer controls.

The results were pretty interesting. The expression levels
of serum miR-16 varied in different tumors. Compared with
NCs, miR-16 exhibited lower differential expression levels
in ESCC, GCA and GNCA patients, which implied that miR-
16 might function as a tumor suppressor in esophageal and
stomach tumors. In a previous study, plasma miR-16 was
validated as a down-regulated biomarker in GC (Zhang et al.
2015). A classic paper confirmed that miR-16 was located
at 13q14 and was down-regulated in chronic lymphocytic
lymphoma (Calin et al. 2002). This research team further
revealed that miR-16 negatively regulated B-cell lymphoma
2 (Bcl2) at the post-transcriptional level to induce apopto-
sis (Cimmino et al. 2005). The similar mechanism was also
observed in gastric cancer (Xia et al. 2008). Meanwhile,
HGF/c-Met pathway might be a potential target of miR-16
in GC (Li et al. 2016). However, in contrast, miR-16 was
proved to have the oncogenic function in GC and ESCC
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in some other studies (Ren et al. 2016; Wang et al. 2014).
This oncogenic role of miR-16 in cancers was embodied in
our study, which showed the overexpression of miR-16 in
PDAC, NSCLC and EEC. Liu et al. reported that plasma
miR-16 was significantly aberrantly up-regulated in the pan-
creatic cancer compared with NC (Liu et al. 2012). Besides
in circulation, miR-16 was overexpressed in pancreatic can-
cer tissues. Functional studies illustrated that up-regulation
of miR-16 could result in the reduction of dendritic cells
and thus diminish immune responses, which led to immune
escape and limitless proliferation of cancer cells (Min et al.
2013). In addition, miR-16 might target transcriptional
corepressor, the silencing mediator for retinoid and thyroid
hormone receptor (SMRT) and modulate NF-kappaB-regu-
lated transactivation of interleukin-8 gene, which was a key
gene in tumorigenesis and metastasis of cancers (Zhou et al.
2012). In contradiction to our results, Fan et al. found that
serum miR-16 was significantly down-regulated in NSCLC
(Fan et al. 2016). This may be because miR-16 directly tar-
geted hepatoma-derived growth factor (HDGF) to inhibit
growth, colony formation, migration and invasion in NSCLC
(Ke et al. 2013). There are no data assessing the diagnostic
role of circulating miR-16 in EEC patients. In the present
study, the expression of miR-16 in CRC, EOC, TC and NCs
was no difference. The diagnostic potential of miR-16 in
ovarian cancer patients has been studied in previous stud-
ies, which also identified that the expression level of miR-
16 was similar between the patients and healthy controls
(Meng et al. 2015). That might be why miR-16 has been
chosen as an internal reference gene for data normalization
in some cancers. Results of the present study suggested that
miR-16 could act as a tumor suppressor in one scenario, but
an oncogenic miRNA (oncomiR) in another, or even served
as a suitable reference gene in the circulation for cancers.
The duplicity of miR-16 might be because of the imperfect
complementarity of the interactions between miRNAs and
their target genes. It was known that one miRNA can tar-
get hundreds of mRNAs, and one mRNA can be regulated
by a few miRNAs. In particular, specific miRNAs, such as
miR-16, can simultaneously produce competing oncogenic
and tumor suppressive effects by suppressing both tumor
suppressive mRNAs and oncogenic mRNAs, respectively.
Moreover, miRNAs can modulate tumor-modifying extrin-
sic factors to reach a dynamic balance, which determines
whether miRNAs produce oncogenic or tumor suppressive
effects (Svoronos et al. 2016). More evidence needs to be
dug to further understand these mechanisms from a holistic
standpoint.

To examine the reported diagnostic accuracy of circu-
lating miR-16 in cancer detection, we further performed a
meta-analysis on 13 previous eligible studies. As it turned
out, circulating miR-16 achieved an overall pooled sensitiv-
ity of 0.72, specificity of 0.79, and AUC of 0.85, suggesting

@ Springer

that miR-16 was a promising biomarker in circulation for
discriminating cancer and non-cancer. The DOR, an impor-
tant indicator for evaluation of diagnostic accuracy (Glas
et al. 2003), was presented as 12.84, indicating a moderate
diagnostic accuracy. Meanwhile, the pooled PLR and NLR
were 3.70 and 0.33, respectively. Both the PLR and NLR
were not ideal enough, but they demonstrated a more par-
ticular knowledge of diagnostic accuracy of miR-16. Obvi-
ously, there were still several limitations. First, the number
of eligible previous articles was relatively small. Even so,
no significant publication bias was observed. Second, the
different reference for RT-PCR or inconsistent cut-off values
across studies could affect the final outcome of experiments,
which may also be the potential source of heterogeneity in
the meta-analysis. Besides that, only one article was con-
ducted on the African populations and provided limited data.
Despite of the limitations, we performed the first meta-anal-
ysis to investigate the diagnostic value of circulating miR-16
for cancer detection.

Conclusions

Taken together, the present study provided a more compre-
hensive view of the diagnostic value of serum miR-16 in
cancer detection based on a large-scale population. To our
knowledge, this is the first study to investigate the effective-
ness of serum miR-16 for the diagnosis of various cancers,
and our findings suggest that serum miR-16 is a promising
diagnostic biomarker. Furthermore, meta-analysis of previ-
ous studies further confirmed that circulating miR-16 could
serve as a potential biomarker for cancer diagnosis. We are
conducting the similar experiment of plasma miR-16, and
further, more in-depth research is warranted.
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