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Plasma microRNA-19a as a potential
biomarker for esophageal squamous cell
carcinoma diagnosis and prognosis

Aim: To investigate whether plasma miR-19a can serve as a biomarker for esophageal
squamous cell carcinoma (ESCC) diagnosis and prognosis. Materials & methods: Plasma
samples from 89 ESCC, 45 benign lesion patients and 80 healthy controls were subjected
to RT-gPCR analyses for miR-19a. In addition, plasma samples from 30 patients were
collected before and after surgery for the same analyses. Results: Plasma miR-19a
was significantly increased in ESCC patients compared with healthy controls. The
sensitivity of miR-19a for early stages of ESCC was 68.09%. Combination of miR-19a
and cytokeratin 19 fragment 21-1 (Cyfra21-1) further improved the sensitivity to
78.70%. Moreover, plasma miR-19a level was decreased in patients after surgery.
Conclusion: Plasma miR-19a may serve as a potential biomarker that complements
Cyfra21-1 in detecting early stages of ESCC.
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Esophageal cancer (EC) is one of the leading
aggressive malignancies worldwide and is the
fourth leading cause of cancer-related deaths
in China [1]. The incidence of high-risk EC
in China even exceeds 130 per 100,000 indi-
viduals [23]. The major pathological type of
EC is esophageal squamous cell carcinoma
(ESCC), which has been most frequently
identified in Northern Iran and North-
Central China [4]. Although there has been
significant improvement in diagnosis and
treatment, the overall 5-year survival rate
remains only about 25-30% for patients
who receive curative surgery [5.6], while the
rate dropped to 13% for patients with lymph
node metastasis [7]. Early detection is criti-
cal for improving outcomes and reducing
mortality of ESCC patients.

Although biopsy and imaging examination
have improved the detection rate of ESCC,
these methods are invasive or require radia-
tion, greatly limiting their applications [8,9].

Currently, traditional tumor markers, such
as cytokeratin 19 fragment (Cyfra) 21-1 and
squamous cell carcinoma antigen, are used
to diagnose and evaluate ESCC progression.
However, they both exhibit a low sensitiv-
ity. Yamamoto reported that the sensitivity
of Cyfra21-1 for the diagnosis of ESCC was
only 47.9% [10]. Mealy showed that the sen-
sitivity of squamous cell carcinoma antigen
was about 32% [11]. The absence of suffi-
ciently sensitive biomarkers limits early diag-
nosis. Therefore, there is an urgent need to
identify novel, easy-to-assay biomarkers for
early diagnosis and prognosis of ESCC to
improve outcomes and reduce mortality of
ESCC patients.

miRNAs are small noncoding RNAs of
21-25 nucleotides in length that negatively
regulate target genes [12] and play important
roles in a wide range of physiological and
pathological processes [13.14]. Genome-wide
studies have demonstrated that miRNA genes
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are frequently located in cancer-associated genomic
regions or in fragile sites, indicating that the poten-
tial great roles in tumorigenesis [15]. Since their dis-
covery in 1993, emerging evidence shows that altered
abundances of miRNAs are associated with cancer,
such as ESCC [16-18], liver cancer [19-21] and breast
cancer [22-24]. miRNAs are detectable in plasma in a
remarkably stable form that is often resistant to RNase
digestions [25], making circulating miRNAs ideal can-
didates to serve as biomarkers for cancer detection.
However, there have been few reports to identify suit-
able circulating miRNAs for diagnosis, prognosis and
recurrence/metastasis prediction of ESCC.

Previous studies showed that miR-19a acted as an
oncogene in ESCC. It promotes cellular growth in vitro
and iz vivo and reduces apoptosis [26]. Compared with
levels in the surrounding noncancer esophageal tissue,
miR-19a was elevated in ESCC. Additionally, the over-
expression of miR-19a is an independent prognostic
factor for overall survival and progression-free survival
in ESCC [16]. Although the role of 7:R-19a as an onco-
genic miRNA in cancer cells and/or tissues has been
relatively thoroughly studied, the potential value of this
miRNA as a circulating biomarker for the detection and
prognosis for cancer, especially for ESCC, has not been
studied. In this report, we found that plasma miR-19a
was elevated in patients with ESCC and downregu-
lated in patients after surgery. Thus, the plasma level of
miR-19a has promising potential to serve as a novel bio-
marker for ESCC diagnosis and prognosis and further
efforts to develop miR-19a as a biomarker for ESCC
diagnosis and prognosis are needed.

Materials & methods

Ethics statement

The study was carried out according to the ethical
principles of the 2008 revised Declaration of Hel-
sinki. All plasma-based studies were approved by the
Ethics Committee of the Xiamen University affiliated
Zhongshan Hospital. All participants gave a written
consent and agreed their information to be stored in
the hospital database and used for research purposes.

Plasma sample collection

Between July 2013 and December 2014, blood samples
from 89 ESCC and 45 benign lesion patients (14 esoph-
ageal intraepithelial neoplasia, 17 esophageal leiomyo-
mata, 2 esophageal polyps and 12 esophagitis) receiving
treatment at Xiamen University affiliated Zhongshan
Hospital were collected. In addition, 80 age- and
gender-matched blood samples from healthy individu-
als with no history of cancer and in good health on
the basis of self-report as well as with normal physical
examination were collected. The exclusion criteria of

blood samples were as follows: plasma from patients
who were diagnosed with other digestive tract disease;
plasma from patients who received operational treat-
ments, chemotherapy or radiotherapy treatment before
collection; plasma from patients whose pathological
data were not complete; plasma was hemolytic or tur-
bid. The blood samples were collected from patients
before operational treatments, chemotherapy or radio-
therapy. At 10-12 days post operation, paired-plasma
samples were collected from 30 patients. All plasma
samples were centrifuged as described previously [27]
and then the plasma was divided into aliquots, follow-
ing snap freezing at -80°C. Clinical characteristics of
ESCC are summarized in Table 1.

MicroRNA isolation

miRNA was isolated with miRcute miRNA extraction
kit (TTANGEN, Beijing, China) according to the man-
ufacturer’s instructions. A synthetic miRNA ce/-miR-39
(Qiagen, Dusseldorf, Germany) was added to each
200 pl plasma specimen at a final concentration of
5 nM as a reference gene before isolation. The extracted
miRNA was eluted in 30 pl RNase-free water (TTAN-
GEN) at a concentration ranging from 5-50 ng/pl.
The absorbance values of OD, /OD,, were between
1.8 and 2.1. All isolated miRNA samples were quickly
aliquoted and immediately stored at -80°C until use.

cDNA synthesis

The reverse transcription system was 20 pl, containing
0.2 pul Moloney murine leukemia virus (MMLV) reverse
transcriptase (200 U/ul) (Promega, W1, USA), 0.2 ul
ribonuclease inhibitor (40 U/ul) (TAKARA, Dalian,
China), 0.8 ul 10 mM dNTP mix (TAKARA), 1.2 ul
10 mM stem loop RT primer (SANGON, Shanghai,
China), 2 pl template miRNA, 4 ul MMLV RT buffer
(Promega, W1, USA) and 11.6 pl RNAase-free water
(Promega). No-template controls for reverse transcrip-
tion step were used to ensure target specific amplifi-
cation. Reaction were performed at 25°C for 5 min,
40°C for 60 min and finally at 70°C for 15 min. The
reverse transcription primers were as follows: miR-19a,
5-  GTCGTATCCAGTGCGTGTCGTGGAGTC-
GGCAATTGCACTGGATACGACTCAGTTT-3';
cel-miR-39, 5-GTCGTATCCAGTGCGTGTC-
GTGGAGTCGGCAATTGCACTGGATACGAC-
CAAGCTGA-3".

Reverse transcription quantitative real-time
PCR

The 20 pl reaction mixtures for qQPCR were carried
out following the manufacturer’s protocol of SYBR
Premix Ex Taq TM II reagents (T1i RNaseH Plus from
TAKARA). The PCR mixture (20 pl) contains 10 pl
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Table 1. Clinicopathological characteristics of 89 esophageal squamous cell carcinoma patients.

Variables
Gender:
Male

Female

Age

Tumor grade:
I+

1+ 1v

T category:

Z h w N -

category:

NO

N1

M category:
MO

M1
Differentiation:
High

Middle

Low

Unknown
Location:

Up

Middle

Down
Unknown
Recurrence/metastasis after surgery:
Non

Recurrence/metastasis

49 of 89 esophageal squamous cell carcinoma patients had surgery.

n (%)

69 (77.53%)
20 (22.47%)
58 (43-81)

47 (52.81%)
42 (47.19%)

14 (15.73%)
15 (16.85%)
42 (47.19%)
18 (20.22%)

38 (42.70%)
51 (57.30%)

87 (97.75%)
2 (2.25%)

3 (3.37%)
71 (79.78%)
13 (14.61)
2 (2.25%)

16 (17.98%)
51 (57.30%)
21 (23.60%)
1(1.12%)

43 (87.75%)
6 (12.24%)

SYBR mix, 6.8 pul RNAase-free water, 2 ul cDNA,
0.4 ul ROX Reference Dye I, 0.4 pl 10 nM forward
primer (SANGON) and 0.4 pl 10 nM reverse primer
(SANGON). Each reaction was repeated twice. No-
template controls for qPCR step were used to ensure
target specific amplification. RT-qPCR was performed
on ABI7500 (Applied Biosystems, Singapore) under
the following reaction condition: 95°C for 30 s, fol-
lowed by 40 cycles: 95°C for 5 s and 60°C for 34 s.
The primers were as follows: miR-19a, 5"TGGTGT-
GTGCAAATCTATGCA-3" (forward), 5-CAGT-

GCGTGTCGTTGGAGT-3" (reverse); cel-miR-39,
5-CAGAGTCACCGGGTGTAAAT-3'  (forward),
5-CCAGTGCGTGTCGTGGAGTC-3"  (reverse).
The expression level of miR-194 was normalized to cel-
miR-39 and was calculated by using the 2-44“4 method.
Then, the data were transformed to log, for analyses.

Biochemical analyses

The plasma concentration of Cyfra2l1-1 was mea-
sured by Roche high-sensitivity assay performed
on the Cobas €601 system based on the principle of
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electrochemical luminescence. The cut-off point of
Cyfra21-1 is 3.39 ng/ml and the detection limit is 0.1
ng/ml with a CV of <5%. Samples were randomized
for testing and blinded to the trained clinical labora-
tory technician before interpretation.

Statistical analyses

The nonparametric Mann—Whitney U test was used to
analyze miR-19a4 abundances in two groups and Krus-
kal-Wallis test was used in more than two groups. Wil-
coxon signed-rank test was used to determine the rela-
tive expression between pre- and postoperation. Receiver
operating characteristic (ROC) curves were applied to
analyze the diagnostic values of 7:R-19a and Cyfra21-
1. Youden Index (sensitivity + specificity-1) was used to
identify the optimal cut-off threshold value. Logistic
regression, serial testing and parallel testing were used in
combination diagnosis of miR-19a and Cyfra21-1. The
goal of logistic regression is to find the best fitting model
to distinguish between the two groups. Serial testing is
to improve specificity at the cost of lower sensitivity and
parallel testing is to achieve higher sensitivity but lower
specificity. The statistical analyses were carried out with
IBM SPSS 19.0 software. The graphs were generated by
using GraphPad Prism 5.0.

Results
ESCC patients have increased abundance of
miR-19a in the plasma

Plasma miRNAs remain stable for a long period of
time even under harsh conditions. For accurate assess-
ment of the abundance of miR-194 in plasma samples,
we first confirmed the stability of miR-19a in the

P <0.001

P <0.001
1

Relative expression
(log,,244<)

I I I
Normal  Benign lesions ESCC
(n=80) (n=45) (n=89)

Figure 1. Plasma levels of miR-19a were increased

in patients with ESCC. The relative levels of miR-19a

in patients with benign lesions, ESCC and healthy
controls. All data were normalized to reference gene
cel-miR-39 and shown as log, . The Kruskal-Wallis tests
were performed to examine the difference of miR-19a
between normal controls and diseased groups.

ESCC: Esophageal squamous cell carcinoma.

plasma (Supplementary Figure 1). Incubation of the
plasma samples at 4°C or room temperature (22°C)
for up to 7 days or repeated freezing and thawing at
least five-times did not cause significant changes in
quantification cycle (Cq value), indicating that miR-
19a was stable in the plasma and indicating that cir-
culating miR-19a is an excellent candidate to serve as a
biomarker for ESCC detection.

To assess plasma concentrations of miR-19a in
patients with different conditions of esophageal disease,
we compared the plasma levels of miR-19a between
normal controls, patients with benign lesions and the
ESCC group. As shown in Figure 1, the abundance of
miR-19a in the plasma was significantly increased in
patients with benign lesions (p < 0.001) and ESCC (p
< 0.001). Although there was no difference between
benign lesion and ESCC groups (p = 0.572), there was
a gradual uptrend of the miR-194 level from normal —
benign lesions — carcinoma.

The plasma level of miR-19a has diagnosis value
for ESCC, early stages of ESCC and esophageal
tumor

To determine whether the plasma level of miR-19a had
ESCC diagnostic value, the ROC curve was applied
to analyze sensitivity and specificity and the Youden
Index was used to select the optimal cutoff. The area
under the ROC curve (area under the curve (AUC)) for
miR-19a4 in ESCC and noncancer controls ranged from
0.643 to 0.780 in the validation cohort of 89 patients
and 125 noncancer controls (Figure 2A). With an opti-
mal cutoff (0.2909) acc ording to the Youden Index,
at which the sum of sensitivity and specificity was the
maximal, the sensitivity and specificity for ESCC was
66.29 and 66.40%, respectively (Table 2).

The level of Cyfra21-1 is commonly used as a diag-
nosis marker for ESCC. Therefore, we next compared
the performance of miR-192 and Cyfra2l-1 in the
detection of ESCC. As shown in Figure 2B, Cyfra21-1
showed a lower AUC (0.676) than miR-19a (0.712).
Although the positive predictive value (PPV) of miR-
19a was similar to Cyfra21-1, the negative predictive
value (NPV), diagnosis efficiency and the sensitiv-
ity of miR-19a were higher than those for Cyfra21-1
(Table 2). These findings validate the performance of
miR-19a as a plasma marker for ESCC detection.

Early diagnosis and treatment of ESCC is of great
value to improve the survival of ESCC patients. We
next determined whether the plasma level of miR-19a
can be used for early detection of ESCC (I + II). As
shown in Figure 2C, the AUC for early stages of ESCC
and noncancer controls was 0.729 (95% CI: 0.648—
0.810). At a threshold of 0.2909, the sensitivity and
specificity of miR-19a were 68.09 and 66.40% in dis-
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for miR-19a in 89 patients with ESCC and 125 noncancer controls. (B) ROC curves for Cyfra21-1 in 89 patients with

ESCC and 125 noncancer controls. (C), ROC curve for miR-19a in 47 patients with ESCC (I + 1I) and 125 noncancer
controls. (D) ROC curve for Cyfra21-1 in 47 patients with ESCC (I + II) and 125 noncancer controls. (E) ROC curve

for miR-19a in 122 patients with esophageal tumor and 80 healthy controls. (F) ROC curve for Cyfra21-1in 122
patients with esophageal tumor and 80 healthy controls.
Cyfra: Cytokeratin 19 fragment; ESCC: Esophageal squamous cell carcinoma; ROC: Receiver operating

characteristic.

tinguishing early stages of ESCC from noncancer con-
trols (Table 2). Consistently, the AUC, sensitivity, PPV
and NPV for Cyfra21-1 are much lower than those
for miR-19a in the diagnosis of early stages of ESCC
(Figure 2D & Table 2). These findings indicate that

miR-19a is a better plasma marker for ESCC detection
than Cyfra21-1.
The plasma level of miR-19a in ESCC group and

benign lesion group were both increased. Therefore,

we next assessed whether the plasma level of miR-194
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can be used for detection of esophageal tumor (ESCC,
esophageal intraepithelial neoplasia, esophageal leiomy-
omata and esophageal polyps). As shown in Figure 2E,
the AUC for miR-19a in esophageal tumor and healthy
controls was 0.767 (95% CI: 0.700—-0.835). The results
showed a high sensitivity (89.34%) but a low specific-
ity (52.50%; Table 3). Consistently, the AUC, sensitiv-
ity, NPV and diagnosis efficiency of Cyfra21-1 were
much lower than those of miR-19a, but the specificity
(87.50%) was higher (Figure 2F & Table 3).

High plasma miR-19a levels are complementary
to the use of Cyfra21-1 for diagnosis
We next examined whether a combination of miR-
19a and Cyfra2l-1 was more sensitive than either
marker when used individually. Our analysis showed
that they were indeed complementary. In 89 patients
with ESCC, miR-19a identified 40 patients that were
missed by Cyfra2l-1 alone and Cyfra21-1 identified
12 ESCC cases that were missed by miR-19a alone
(Figure 3A &B). By logistic regression of combining with
miR-19a and Cyfra21-1, the sensitivity was increased
to 70.80%, the specificity was 71.20% and AUC was
0.782 in distinguishing ESCC patients and noncancer
controls. With parallel interpretation, the combination
of miR-19a and Cyfra21-1 achieved higher sensitivity
of 77.27% and the combination in serial interpretation
was able to boost the specificity to 95.16% (Table 2).
In 47 patients with early stages of ESCC, Cyfra21-1
was detected in 9 patients and the sensitivity was only
19.15%. In contrast, plasma miR-19a was detected in
32 patients (68.09%) (Figure 3D & E). For the ability

to distinguish early stages of ESCC from noncancer
controls, logistic regression of the combined analyses of
miR-19a and Cyfra21-1 showed higher AUC (0.758)
and sensitivity (78.70%) but the specificity dropped to
64.80% (Figure 3F & Table 2). Consistently, serial test-
ing of miR-19a and Cyfra21-1 dramatically increased
the diagnostic specificity (95.16%) and the use of par-
allel testing showed sensitivity of 74.20%.

In 122 patients with esophageal tumor, miR-
19a identified 79 patients that were missed by
Cyfra21-1 alone and Cyfra21-1 identified 5 esopha-
geal tumor cases that were missed by miR-19a alone
(Figure 3G & H). By logistic regression of combination
with miR-19a and Cyfra21-1, the AUC reached 0.807
(Figure 31 & Table 3). With parallel interpretation, the
combination of miR-19a and Cyfra21-1 achieved the
higher sensitivity of 92.37% and the combination in
serial interpretation was able to boost the specificity to
94.06% (Table 3). Together, these results indicate that
the plasma level of miR-192 combined with Cyfra21-1
provides high diagnosis values and further improves
the accuracy of detection.

Downregulation of miR-19a after removal of
the primary tumor

In order to determine whether the increased amount
of miR-19a originated from cancer cells and had prog-
nosis value for clinical improvement after surgery,
the levels of 7m7R-194 in matched plasma samples (n =
30 patients) collected before and after surgical resec-
tion of primary tumors were compared. As shown
in Figure 4A, expressions of miR-19a in 25 out of 30

Table 2. The diagnostic value between esophageal squamous cell carcinoma/early stages of
esophageal squamous cell carcinoma and noncancer control.

Variables miR-19a Cyfra21-1 Combination diagnosis

Cutoff 0.2909 3.39 ng/ml Logistic regression Serial testing Parallel testing
ESCC and noncancer control

Sensitivity (%) 66.29 32.58 70.80 21.60 77.27
Specificity (%) 66.40 85.60 71.20 95.16 56.84

PPV (%) 58.42 61.70 63.64 76.07 56.04

NPV (%) 73.45 64.07 77.40 63.03 77.84
Diagnosis efficiency (%)  66.35 63.55 71.03 64.57 65.34

Early stages of ESCC and noncancer control

Sensitivity (%) 68.09 19.15 78.70 13.04 74.20
Specificity (%) 66.40 85.60 64.80 95.16 56.84

PPV (%) 43.25 33.33 45.67 50.33 39.26

NPV (%) 84.70 73.79 89.00 74.43 85.42
Diagnosis efficiency (%) 66.86 67.44 68.60 72.72 61.58

Cyfra: Cytokeratin 19 fragment; ESCC: Esophageal squamous cell carcinoma; NPV: Negative predictive value, PPV: Positive predictive value.
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Table 3. The diagnosis value between esophageal tumor and healthy control.

Variables miR-19a Cyfra21-1
Cutoff -0.0305 3.39 ng/ml
Sensitivity (%) 89.34 28.69
Specificity (%) 52.50 87.50

PPV (%) 74.15 77.78

NPV (%) 76.36 44.59
Diagnosis 74.75 51.98

efficiency (%)

Cyfra: Cytokeratin 19 fragment; NPV: Negative predictive value; PPV: Positive predictive value.

Combination diagnosis

Logistic Serial testing  Parallel testing
regression

73.80 25.61 92.37

73.80 94.06 45.94

81.12 86.80 72.27

64.88 45.33 79.79

73.80 52.72 73.98

patients were decreased (p < 0.001) after surgery. The
results suggest that miR-19a may be secreted by can-
cer cells and that the level of miR-19a may reflect the
ESCC status of the patient.

In the follow-up studies, one of the five patients
that still exhibited high levels of miR-19a (1/5 = 20%)
developed liver and lung metastasis in 10 months later
after surgery. In contrast, only one from the patients
that exhibited decreased miR-19a expression (1/25
= 4%) developed lymph node metastasis (Figure 4B).
Together, the data suggest that the postoperative
metastasis probability in patients with a high miR-
19a level was much higher than in the downregulated
group, demonstrating that the plasma level of miR-19a
is of potential prognosis value for ESCC progression
after surgery. Whether there is a relationship between
the postoperative expressions of miR-19a and distant
metastasis requires additional clinical data analysis.

Preoperational miR-19a level in patients
diagnosed with recurrence/metastasis after
surgery

To estimate whether plasma miR-192 can predict
recurrence/metastasis in patients with ESCC after sur-
gery, the miR-19a expression and patient history from
49 ESCC patients that had surgery (49 of 89 ESCC
patients) were analyzed. The results showed that the
preoperative levels of miR-19a in patients with recur-
rence/metastasis 10 months after surgery (n = 6) was
much higher than in patients without recurrence/
metastasis after surgery (n = 43; Figure 5), suggesting
that plasma miR-19a level may be a valuable predictor
of postoperative recurrence probability.

Discussion

miR-19a is located in the miR-17-92 cluster and was
previously reported to be highly expressed in ESCC
tissues (1626]. Herein, we reported that expression of
miR-19a in the plasma of ESCC patients was increased
and changes in m7R-19a plasma level predicted the risk

of postsurgery metastasis of ESCC patients. These
findings support the use of plasma miR-19a levels as a
biomarker for ESCC. To our knowledge, this is the first
comprehensive study to measure miR-19a expression
and assess its clinical significance for ESCC patients.

Clinical data showed that for patients in the early
stages of ESCC, the 5-year and 10-year survival rate after
resection could reach more than 85.9 and 55.6%, respec-
tively [28]. However, due to the lack of obvious symptoms
in the early stages of ESCC and the lack of a high sensi-
tive biomarker allowing early diagnosis, the majority of
patients with ESCC are only diagnosed when the cancer
reaches an advanced stage, resulting in a 5-year post-
surgery survival rate of only 20-40% [29.30]. Therefore,
improved biomarkers that allow early ESCC detection
are urgently needed. In this study, miR-19a levels were
similarly increased in ESCC patients and patients with
benign lesions compared with healthy controls. 7iR-19a
levels showed high sensitivity for detection in early stages
of ESCC and esophagus tumor. According to the ROC,
the AUC could reach 0.729 and 0.767, respectively. The
sensitivity and specificity were 68.09 and 66.40% in
distinguishing the early stages of ESCC. In distinguish-
ing the esophagus tumor from healthy controls, the sen-
sitivity and specificity were 89.34 and 52.50%. These
findings validated the promise of using plasma miR-19a
as a biomarker for early screening of high-risk individu-
als for ESCC, which is critical for early prevention and
treatment to improve outcomes.

Currently, Cyfra21-1 is used as a plasma biomarker
for ESCC detection. However, Cyfra21-1 exhibits a low
sensitivity in detection of ESCC [1031,32]. Our analysis
also showed that the sensitivity of Cyfra21-1 in ESCC
and in the early stages of ESCC detection was only
32.58 and 19.15%, respectively, but the use of miR-19a
together with Cyfra21-1 allowed improved sensitiv-
ity. Logistical regression combined with 7:R-192 and
Cyfra21-1 provided high diagnosis value and further
improved the accuracy of detection. Additionally, com-
bination of 7iR-1942 and Cyfra21-1 in parallel achieved
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Figure 3. Combination of miR-19a and Cyfra21-1 have higher diagnosis values. (A, D, G) Two-parameter
classification is used to detect ESCC, early stages of ESCC or esophageal tumor. The cut-off value for miR-19a is
calculated from the ROC curve. The cut-off value for Cyfra21-1 is presented as log,. (B, E, H) Detection rates of
miR-19a, Cyfra21-1 and combination of miR-19a and Cyfra21-1 in patients with ESCC, early stages of ESCC or
esophageal tumor. (C, F, 1) Combination ROC curve analyses of miR-19a and Cyfra21-1 for patients with ESCC, early
stages of ESCC and noncancer controls or esophageal tumor and healthy controls.

Cyfra: Cytokeratin 19 fragment; ESCC: Esophageal squamous cell carcinoma; ROC: Receiver operating
characteristic.
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Figure 4. Prognosis value of miR-19a for clinical improvement after surgery.(A) The plasma level of miR-19a
before (preoperation) and after surgery (postoperation). The y-axis indicates the relative values of miR-19a
which were normalized to ce/-miR-39 and shown as log,, (Wilcoxon matched-paired signed ranks sum test).
(B) The percentage of patients with metastasis 10 months after the surgery in miR-19a upregulated group and

downregulated group were compared.

higher sensitivity for early diagnosis and screening of
ESCC. Serial testing dramatically increased the diag-
nostic specificity and PPV, allowing identification of
false positive results to avoid unnecessary treatment.
Taken together, these findings clearly demonstrated that
plasma 7:R-19a combined with Cyfra21-1 can be used
as effective plasma biomarkers for ESCC.

Our analysis showed that high levels of plasma miR-
19a predicted poor survival and thus miR-192 was an
independent prognostic factor for advanced ESCC. Our
data also revealed that miR-194 was significantly down-
regulated after the surgical resection of primary tumors,
thus providing a useful insight into the application of
plasma miR-19a in the evaluation of therapeutic effect.
It has been reported that circulating miRNA is not only
derived from blood cells but also from the tissues affected
by disease such as tumor tissues [2533], suggesting that
the deregulated 7:R-19a plasma levels in ESCC patients
could be secreted actively or passively by tumor cells.
Interestingly, the data suggest that the postoperative
metastasis probability in upregulated patients was much
higher than for the patients in the postoperative down-
regulated group, indicating that the plasma levels of miR-
19a may be of potential prognosis values for ESCC pro-
gression after surgery. Because of the high recurrence and
metastasis rates after surgery, the 5-year survival rate of
ESCC treated with surgery alone is poor, only approxi-
mately 25% [34]. Thus, it is urgent to find a biomarker
that can well predict ESCC metastasis/recurrence. Inter-
estingly, our data showed that the preoperative level of
miR-19a in patients with recurrence/metastasis after
surgery was significantly higher than patients who did
not have recurrence/metastasis after surgery, suggest-
ing that miR-19a is a promising biomarker for ESCC

recurrence/metastasis surveillance. Further studies with
higher number of patients in each cancer stage category
and higher number with benign conditions are needed to
validate these findings.

Conclusion

In conclusion, plasma miR-192 may represent a novel
biomarker that complements Cyfra21-1 for the detec-
tion of ESCC. Plasma miR-19a may be potentially use-
ful for cancer screening, monitoring ESCC prognosis
postoperatively and predicting recurrence/metastasis
after surgery.

' P <0.001
P<0.001  P=0010
2. P=0.040

T T
Normal Benign ESCC Recurrence/
| (n=80) lesions non metastasis
(n=45) (n=46) (n=6)

miR-19a expression (log, ;24 <)

Figure 5. Preoperational miR-19a level in patients
diagnosed with recurrence/metastasis after surgery.
The relative levels of miR-19a in patients with benign
lesions, ESCC and healthy controls. The y-axis indicates
the relative values of miR-19a which were normalized
to cel-miR-39 and shown as log,,.

ESCC: Esophageal squamous cell carcinoma.
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Summary points

lower AUC (0.676) than miR-19a for ESCC detection.

predictive value for postoperative metastasis.

e Early detection is critical to improve outcomes and reduce mortality of esophageal squamous cell carcinoma
(ESCCQ) patients. Currently, the sensitivity and validity of commonly used circulating biomarkers are not
sufficient for ESCC detection, particularly at early stages.

* miR-19a remains stable for a long period of time even under harsh conditions.

e The abundance of miR-19a in the plasma was significantly increased in patients with benign lesions and ESCC.

The sensitivity and specificity of miR-19a for ESCC detection was 66.29 and 66.40% (area under the curve

(AUC) =0.712). cytokeratin 19 fragment (Cyfra) 21-1, the commonly used diagnosis marker for ESCC, showed a

The sensitivity and specificity of miR-719a were 68.09 and 66.40% in distinguishing early stages of ESCC from
noncancer controls (AUC =0.729). The AUC, sensitivity, positive predictive value and negative predictive value
of Cyfra21-1 were much lower than miR-19a for the diagnosis of early stages of ESCC.

The sensitivity and specificity of miR-19a for esophageal tumor detection was 89.34 and 52.50% (AUC =0.767).

The AUC, sensitivity, negative predictive value and diagnosis efficiency of Cyfra21-1 were much lower than

miR-19a, but the specificity (87.50%) was much higher.

e High plasma miR-19a levels complement with Cyfra21-1 in diagnosis of ESCC, early stages of ESCC and
esophageal tumor. Assaying plasma miR-19a levels combined with Cyfra21-1 improved the successful diagnosis
of ESCC, particularly at early stages of ESCC and esophageal tumor.

e Expressions of miR-19a in 83.33% patients was decreased after surgery and the patients with increased

miR-19a had a high risk of metastasis, suggesting that changes in plasma level of miR-19a after surgery has
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