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Abstract

Background: Early detection of premalignant esophageal lesions could drastically improve 
overall survival, but screening is hampered by the absence of biomarkers indicative of 
metaplastic and/or malignant transformation. MiRNA’s are small non-coding regulatory 
RNA species that are characterized by high tissue specificity and stability in serum. Little is 
known regarding levels of serum miRNA’s in patients with Barrett’s esophagus, dysplasia 
or esophageal adenocarcinoma and their potential use as biomarkers.
Methods: Six samples from each of the four study groups, patients without endoscopic 
esophageal abnormalities (SE group), patients with Barrett’s metaplasia (BE group), 
high-grade dysplasia (HGD group) and esophageal adenocarcinoma (EAC group), were 
profiled using the Nanostring platform. Identified miRNA’s were validated in serum 
samples of an extended cohort consisting of a total of 69 patients using qRT-PCR.
Results: 10 miRNA’s were identified with a fold change>2 between the study groups on 
the Nanostring platform. Of these, 6 miRNA’s were selected for validation in the extended 
cohort.  In the extended cohort MiR-199a-3p levels were significantly decreased in the BE 
group compared to the SE group (p≤0.001) and could discriminate between these groups 
with an area under the curve (AUC) of 0.813. Compared to the SE group, serum miR-
320e levels were significantly decreased in the BE (p≤0.001, AUC 0.790) and HGD groups 
(p≤0.05, AUC 0.786).
Conclusion: Serum miRNA levels of miR-199a-3p and miR-320e could help in identifying 
patients with BE and HGD.
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Introduction

Esophageal adenocarcinoma (EAC) is a deadly disease with a rising incidence. While 
early EAC lesions have a 5-year survival of 78%, this drops to a mere 20% in patients with 
advanced disease (1,2). Early detection significantly improves survival outcome (3,4), but 
the majority of EAC cases are diagnosed at an advanced stage.  EAC is thought to develop 
through a metaplasia-dysplasia-carcinoma sequence. The metaplastic lesion is known as 
Barrett’s esophagus (BE). Patients with BE are advised to undergo regular endoscopic 
surveillance to detect early malignant transformation. Persistent gastro-esophageal reflux 
disease (GERD) is the main risk factor for BE development. Currently, BE is diagnosed 
by histologic examination of endoscopic biopsies, but the low absolute incidence of BE in 
GERD patients and the invasive nature of the endoscopy preclude its use as a screening 
tool in patients at risk for BE development (5,6). A screening strategy that at least partially 
mitigates these drawbacks could contribute to an early detection of Barrett’s esophagus, 
allowing surveillance and/or early treatment and so decrease morbidity and mortality. 
 Blood-based biomarkers have an established role in the screening of various solid 
malignancies, such as prostate and ovarian cancer. However, no blood-based biomarkers 
are currently available for BE, high-grade dysplasia (HGD) or EAC. MiRNAs are a class of 
small non-coding RNAs that act as negative regulators of gene expression by modulating 
mRNA translation. MiRNAs are highly tissue-specific and various studies indicate that 
alterations in miRNA expression have key roles in carcinogenesis (7,8). Moreover, miRNAs 
are stable in the circulation and alterations in circulating miRNA levels have been detected 
in various solid malignancies (9). Circulating miRNAs might thus be attractive blood-
based biomarkers of BE and EAC. Several studies showed significant differences in tissue 
miRNA expression patterns between normal squamous epithelium, BE and EAC (10-13). 
However, it is currently not known whether these differences are also reflected in the 
circulating miRNA profile. The aim of this study was to investigate whether circulating 
miRNAs could be used to identify patients with BE, HGD or EAC.

Materials and Methods

Patients and samples
Patients scheduled to undergo an esophagogastroduodenoscopy were prospectively 
recruited into one of four study groups: the control group consisting of patients without 
endoscopic esophageal abnormalities (SE group). A group consisting of patients with 
Barrett’s metaplasia but no dysplasia or adenocarcinoma (BE group), a group consisting 
of patients with columnar high-grade dysplasia or early stage (≤T1a) esophageal 
adenocarcinoma (HGD group) and a group consisting of patients with advanced EAC 
(stage ≥T1b, EAC group). For each participant, the diagnosis was confirmed based on 
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endoscopic appearance, pathological biopsy analysis and imaging (EUS and/or PET/CT 
for the HGD and EAC groups). Each participant was also asked about smoking. General 
exclusion criteria were a history of previous malignancy in the past 5 years, concomitant 
inflammation or active auto-immune disease that was insufficiently controlled by 
medication. The study protocol was approved by the Ethics Committee of the University 
Medical Center Groningen. Written consent was obtained from all participants.

Blood collection
Serum samples were collected from each participant. Using venapuncture, approximately 
9ml blood was collected from each participant in a serum vacutainer tube (BD, Franklin 
Lakes, USA). The blood was left to clot for one hour at room temperature and serum was 
isolated by centrifugation and stored at -80°C. 

RNA extraction
Serum samples were thawed and filtered through a 0,2 uM filter (Corning, Corning, 
USA) to eliminate any residual platelets or cell debris. Total RNA was isolated using the 
miRNeasy micro kit (Qiagen, Venlo, the Netherlands).RNA isolation was performed using 
200uL of serum according to the manufacturer’s protocol. Phase Lock Gel Heavy gel tubes 
(5 Prime, Hilden, Germany) were used for phase separation during RNA isolation. RNA 
was eluted in 10uL of RNAse-free water and stored at -80°C until further analysis. 

Nanostring nCounter miRNA assay
A high-throughput serum miRNA profile was generated from a subset of study 
participants.  We selected serum samples from 6 patients of each study group, resulting 
in a total of 24 samples. Patients from the four study groups were matched for sex, age 
and comorbidity, as much as possible given the limited number of patient samples. To 
perform a comprehensive assay of circulating miRNAs in serum we used the nCounter® 
miRNA Expression Assay version 2 which contains probes for 800 mature human 
miRNAs (Nanostring Technologies, Seattle, USA).  The Nanostring assay was performed 
by Nanostring Technologies.

Data analysis
Data analysis was performed using GeneSpring GX version 12.5 software (Agilent 
Technologies, Santa Clara, USA). The upper range for negative control oligo’s on the 
Nanostring platform was 30 counts. Therefore, a detection cutoff was defined as at least 
four out of six samples in at least one of the four study groups having a count number 
>30.  This cutoff yielded 63 endogenous miRNA’s, the levels of which were normalized by 
a 90-percentile shift normalization. 
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qRT-PCR
MiRNA-specific cDNA synthesis was performed using the Taqman miRNA transcription 
kit (Life Technologies, Bleijswijk, the Netherlands) in a multiplexed reaction as described 
previously (14) using reverse transcription primers and TaqMan microRNA assays: miR-
122-5p (ID 002245), miR-144-5p (ID 002148), miR-150-5p (ID 000473), miR-199a-3p (ID 
002304), miR-223-3p (ID 002295), miR-320e (ID 243005_mat) (Life Technologies). qRT-PCR 
was performed using the TaqMan Universal Master Mix II without UNG (Life Technologies) 
and the abovementioned TaqMan microRNA assays. All qPCR reactions were run in 
triplicates on the ABI7900HT thermo cycler (Life Technologies). Cycle threshold (Ct) 
values for all miRNAs were quantified using the Sequence Detection software (version 
2.3, Life Technologies). Serum miRNA levels were normalized according to the geometric 
mean of the Ct values of the SE group and relative levels were calculated according to the 
2-ΔCt formula. 
 
Statistical analysis
Differences in patient characteristics were analyzed using ANOVA with Scheffé's method. 
The data from the Nanostring array were analyzed using ANOVA with Benjamini–
Hochberg correction and fold changes were calculated based on the geometric mean. 
MiRNA levels in the serum of the four patient groups as determined by qPCR did not 
follow a normal distribution (evaluated using the D'Agostino-Pearson omnibus test) and 
were therefore examined using the Kruskall-Wallis test with Dunn’s multiple testing 
correction. Statistical analysis was performed using GeneSpring GX version 12.5 software 
for the Nanostring array data (Agilent Technologies, Santa Clara, USA) and Prism 5.0 
statistical package for analysis of qPCR data and ROC curve construction (GraphPad 
Software, San Diego, USA)

Results

Patient groups
Patient characteristics are described in Table 1. The extended patient characteristics 
are described in Supplementary table 1. The only significant difference was in diabetes 
incidence between the SE and HGD and between the BE and HGD groups (p=0.036 and 
p=0.013 respectively).

Identifying differences in circulating miRNA levels 
Using the Nanostring platform we found that 63 miRNA’s showed levels above background 
(Supplementary figure 1). Analysis of differences in miRNA levels between the four study 
groups using ANOVA with Benjamini–Hochberg correction for multiple testing yielded 
no differentially expressed miRNA’s. Analysis of differences in miRNA levels between the 
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four study groups using a fold change >2 revealed 10 differentially expressed miRNA’s 
(Table 2). MiRNA’s with a fold change >2 between the SE group and any of the other 
three study groups were selected for further validation: miR-122-5p, miR-144-3p, miR-
150-5p, miR-199a, miR-233-3p and miR-320e. The pattern of the selected miRNA’s was 
examined in an expanded cohort consisting of the 24 patients included in the Nanostring 
array and an additional 45 patients (13 SE, 21 BE and 11 HGD serum samples). Of the 
six miRNA’s selected for validation in the extended cohort, three miRNA’s, miR-150-5p, 
miR-199a-3p and miR-320e, showed significant differences between the study groups 
based on the Kruskall-Wallis test (Table 2). The level of miR-199a-3p was significantly 
lower in the BE group compared to the SE group (p≤0.001) and the level of miR-320e was 
significantly lower in the BE and HGD groups compared to the SE group (p≤0.001 and 
p≤0.05 respectively, Figure 1). Dunn’s test did not reveal significant differences in miR-

Table 1: Patient characteristics for each study group

Study group SE (N=19) BE (N=27) HGD (N=17) EAC (N=6) p-value 

Gender (Male) 8 (44%) 19 (70%) 13 (77%) 5 (84%) 0.067

Mean Age (Range) 54,3 (23-70) 58,7 (25-75) 65,1 (42-82) 62,5 (46-73) 0.086

Smoking 4 (22%) 5 (19%) 5 (29%) 4 (67%) 0.790

Cardiovascular disease 3 (17%) 6 (22%) 4 (24%) 2 (34%) 0.834

Autoimmune disease 1 (6%) 1 (4%) 1 (6%) 1 (17%) 0.691

Diabetes 1 (6%) 1 (4%) 6 (35%) 0 (0%) 0.004*

*After multiple testing correction SE study group vs HGD study group: p=0.036, BE study group vs HGD study 
group: p=0.013

Table 2: Differences in miRNA expression on the Nanostring platform and in the extended cohort.

Study group SE vs BE SE vs HGD SE vs EAC BE vs HGD BE vs EAC HGD vs EAC p-value

miR-223-3p ↓ - ↓ ↑ - ↓ n.s.

miR-320e ↓ - - ↑ ↑ - >0.005

miR-122-5p - - ↓ - - - n.s.

miR-144-3p - - ↓ - ↓ ↓ - 

miR-150-5p - - ↓ - - ↓ 0.045

miR-199a-3p - - ↓ - - - >0.001

miR-16-5p - - - ↑ - ↓ n.d.

miR-93-5p - - - - - ↓ n.d.

miR-4516 - - - ↑ - - n.d.

miR-451a - - - ↑ - ↓ n.d.

MiRNA’s denoted selected for further validation in the extended cohort are denoted in bold.
Significance was determined using the Kruskall-Wallis test with Dunn’s multiple comparison correction.
MiR-144-3p was excluded due to technical reasons. n.s.=not significant n.d.=not done
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150-5p levels between study groups. We did not identify significant differences in miRNA 
levels between the four study groups for miR-122-5p and miR-233-3p (Supplementary 
figure 2). Of note, none of the miRNA’s validated in the extended cohort had significantly 
different levels in the EAC study group. MiR-144-3p was excluded from further analysis 
due to insufficient quality of the qRT-PCR assay data.
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Figure 1: Serum levels of miR-150-5p, miR-199a-3p and miR-320e in the expanded patient cohort.
The levels of the miRNA’s were determined by qRT-PCR. No significant differences in miR-150-5p 
levels were identified between the study groups with Dunn’s test (panel A). Compared to the SE 
group, serum levels of miR-199a-3p were significantly lower in the BE group (panel B) and serum 
levels of miR-320e were significantly lower in the BE and HGD groups (panel C). SE: squamous 
epithelium study group. BE: Barrett’s metaplasia study group. HGD: high-grade dysplasia study 
group. EAC: esophageal adenocarcinoma study group.
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Potential of the significantly decreased serum-derived miRNA’s as disease biomarkers.
Based on the significant differences in levels of miR-199a-3p and miR-320e between the 
SE and the BE/HGD groups, we investigated whether these miRNA’s could be used to 
identify patients with premalignant changes in the esophagus (Figure 2). Serum miR-
199a-3p levels could discriminate between the SE and BE groups with an area under the 
curve (AUC) of 0.813 (optimal sensitivity of 85,2% and specificity of 68,4% at relative 
levels <0.766). Similarly, serum miR-320e levels could discriminate between the SE and 
BE groups with an AUC of 0.790 (optimal sensitivity of 85,2% and specificity of 63,2% 
at relative levels <0.844) and between the SE and HGD groups with an AUC of 0.786 
(optimal sensitivity of 82,3% and specificity of 62,2% at relative level <0.838).

Discussion

The current lack of easily accessible diagnostic biomarkers of BE and EAC is a significant 
contributor to the poor overall survival of EAC patients. MiRNA’s are attractive as 
potential biomarkers, but currently there are no data regarding circulating miRNA levels 
in patients with BE or HGD. This is the first study to investigate the levels of serum 
miRNA’s in patients at all stages of the metaplasia-dysplasia-carcinoma sequence. Using 
the Nanostring platform we identified 10 miRNA’s with a fold change >2 between different 
study groups. Using qRT-PCR in an extended group of patients we were able to validate 

Figure 2: Receiver operating curves (ROC) of miR-199a-3p and miR-320e.
Serum miR-199a-3p levels could discriminate between the SE and BE groups with an area under the 
curve (AUC) of 0.813 (optimal sensitivity of 85,2% and specificity of 68,4% at relative level <0.766, 
panel A). Serum miR-320e level could discriminate between SE and BE with an AUC of 0.790 (optimal 
sensitivity of 85,2% and specificity of 63,2% at relative level <0.844, pane; B) and serum miR- 320e 
levels could discriminate between the SE and HGD groups with an AUC of 0,786 (optimal sensitivity 
of 82,3% and specificity of 62,2% at relative level <0.838, panel C). AUC: area under curve. CI: 95% 
confidence interval. SE: squamous epithelium study group. BE: Barrett’s metaplasia study group. 
HGD: high-grade dysplasia study group.
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that levels of circulating miR-199a-3p and miR-320e are decreased in patients with BE and 
HGD compared to the SE study group.
 MiR-199a-3p is a known tumor suppressor miRNA. In vitro studies showed that 
miR-199a-3p reduces cell proliferation and migration through a direct repression of mTOR 
and c-MET (15-18) and miR-199a-3p tissue levels were decreased in endometrial, thyroid, 
prostate and hepatocellular carcinoma (15-19). A single previous study studied miR-
199a-3p expression during the malignant transformation of BE to EAC and found that 
compared to samples of SE, miR-199a-3p levels were significantly increased in EAC tissue 
samples, but not in BE or HGD samples (20). This finding makes it less likely that the 
decreased serum levels of miR-199a-3p observed in the current study is due to a passive 
release of tumor cell miRNA’s into the circulation. The observed decrease could be due to 
a selective decrease of miR-199a-3p secretion by the metaplastic cells, or alternatively the 
source of miR-199a-3p could be other than the esophageal epithelium.
 Currently little is known regarding the precise function of miR-320e in cancer, 
but one of its family members, i.e. miR-320a, has been studied in more detail. Mir-320a 
prevents neovascularization and reduces WNT signaling by targeting β-catenin, and miR-
320a expression is reduced in tissue of prostate cancer, osteosarcoma and oral squamous 
cell carcinoma (21-23). Moreover, low miR-320a tissue levels were associated with 
recurrence in colon cancer (24). The sequence similarity between miR-320e and miR-320a 
suggests that miR-320e may also function as a tumor-suppressor miRNA, however, this 
needs to be proven experimentally.
 We did not detect significant differences in miRNA levels between the four patient 
groups using the Nanostring platform, possibly due to the relatively small size of the study 
groups. Despite this, in the expanded cohort we were able to identify two miRNA’s with 
a known tumor-suppressor function whose serum levels were significantly decreased in 
BE and HGD patients. The lack of miRNA’s with increased levels during the metaplasia-
dyslasia-carcinoma sequence is surprising, since high levels of tumor-specific circulating 
miRNA’s were reported in other solid malignancies. The current study was limited by the 
number of EAC serum samples, and it is possible that larger future studies will identify 
miRNA’s whose levels increase in EAC compared with SE or BE. 
 The origin of serum miRNA’s remains poorly understood. A paper by Pritchard 
et al. (25) showed that the majority of cancer-associated circulating miRNA’s, of note not 
including miR-199a-3p and miR-320e, were also strongly expressed in hematopoietic cells 
and were correlated with blood count levels, suggesting the possibility that changes in 
blood cell composition and/or integrity (e.g. hemolysis) can affect circulating miRNA 
levels. It has been recently shown that tumor-derived exosomes contain miRNA’s and are 
able to act as paracrine signals (26). On the basis of our study we are not able to discern the 
origin of miR-199a-3p and miR-320e, but miRNA’s from tumor-derived exosomes could 
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provide a more reliable source of circulating miRNA’s compared to vesicle-free miRNA’s, 
and should be studied further in the context of EAC. 
 Regardless of its biological function and origin, the decreased levels of miR-199a-
3p and miR-320e might identify patients with BE and HGD. While this finding needs 
further validation, the possibility that patients at risk of BE could be further stratified 
using a simple venapunture is exciting, since there is currently no blood-based biomarker 
for BE. Endoscopic screening of patients at risk of BE is currently not effective due to the 
low absolute incidence of BE, but risk stratification within this group using serum-derived 
miRNA’s could make endoscopic surveillance feasible for a subpopulation of patients 
most at risk for BE development.
 In conclusion, our study suggests that serum miRNA’s could help in identifying 
patients with BE and HGD, thus providing possible biomarkers enabling better screening, 
earlier detection and ultimately, better survival for EAC patients.
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Supplementary table 1: Extended patient characteristics 

Age Study group Gender Smoking Cardiovascular 
disease

Autoimmune 
disease

Diabetes

69 SE Female Yes No No No

58 SE Male No No No No

59 SE Male No No No No

52 SE Male Yes Yes No No

61 SE Male No No No No

24 SE Male No No No No

70 SE Male No Yes No Yes

53 SE Female Yes No No No

53 SE Female No No No No

69 SE Male No No No No

23 SE Female No No No No

65 SE Female No No No No

55 SE Female No No No No

42 SE Female No No No No

47 SE Male No No No No

64 SE Female No Yes No No

61 SE Female No No No No

47 SE Female Yes No No No

59 SE Female No No Yes No

67 BE Male No No No No

68 BE Male No No No No

67 BE Male No Yes No No

48 BE Male Yes No No No

74 BE Male No Yes No No

69 BE Female Yes Yes No No

57 BE Female No No No Yes

63 BE Female Yes No No No

67 BE Female No No No No

50 BE Female No No No No

48 BE Male Yes No No No

59 BE Male No No No No

42 BE Female No No No No

61 BE Male No No No No

59 BE Male No No No No

70 BE Male No No No No

25 BE Male No No No No

68 BE Female No No No No
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Age Study group Gender Smoking Cardiovascular 
disease

Autoimmune 
disease

Diabetes

25 BE Male No No No No

65 BE Male No No No No

59 BE Female No No No No

60 BE Male No Yes No No

67 BE Male No Yes No No

75 BE Male No Yes No No

55 BE Male No No No No

73 BE Male No No Yes No

44 BE Male Yes No No No

68 HGD Male Yes No No Yes

53 HGD Female Yes No No No

70 HGD Male No No No No

68 HGD Male No No No No

51 HGD Male Yes No No No

69 HGD Male No No No No

74 HGD Female No Yes No Yes

62 HGD Female No No No Yes

62 HGD Male Yes No No Yes

67 HGD Male No Yes No Yes

65 HGD Male No No No Yes

71 HGD Male No No No No

58 HGD Male Yes Yes Yes No

42 HGD Female No No No No

82 HGD Male No No No No

69 HGD Male No Yes No No

75 HGD Male No No No No

61 EAC Male No No No No

65 EAC Female Yes No No No

73 EAC Male No No Yes No

66 EAC Male No No No No

64 EAC Male Yes Yes No No

46 EAC Male No Yes No No

Samples used for the Nanostring array are denoted in bold.

Supplementary table 1 (continued)
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Supplementary figure 1: Normalized expression values of 63 serum miRNA’s with expression above back-
ground in the Nanostring platform. Cutoff of expression was defined as 4 out of 6 of samples in at least one 
study group having >30 counts. Horizontal lines indicate the geometric mean and the error bars denote the 
95% confidence interval. SE: squamous epithelium study group. BE: Barrett’s metaplasia study group. HGD: 
high-grade dysplasia study group. EAC: esophageal adenocarcinoma study group.
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Cutoff of expression was defined as 4 out of 6 of samples in at least one study group having >30 
counts. Horizontal lines indicate the geometric mean and the error bars denote the 95% confidence 
interval. SE: squamous epithelium study group. BE: Barrett’s metaplasia study group. HGD: high-
grade dysplasia study group. EAC: esophageal adenocarcinoma study group.

Supplementary figure 2: Nanostring and full cohort graphs for miR-122-5p and miR-233-3p.
Y-axis denotes normalized levels on the Nanostring platform (panels A,C) or RT-qPCR (panels B,D). 
Numbers indicate fold changes >2 observed on the Nanostring platform. Horizontal bars denote 
geometric mean. SE: squamous epithelium study group. BE: Barrett’s metaplasia study group. HGD: 
high-grade dysplasia study group. EAC: esophageal adenocarcinoma study group.
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esophageal adenocarcinoma study group.
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