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1

1 Department of Hepatology & Gastroenterology, Charité University Medicine Berlin, Berlin, Germany,
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Abstract

Background and aims

MicroRNAs (miRNAs) are profoundly involved into the pathophysiology of manifold cancers.

Recent data suggested a pivotal role of miRNAs as biomarkers in different biological pro-

cesses including carcinogenesis. However, their role in neuroendocrine tumors (NETs) is

only poorly understood.

Methods

We determined circulating levels of miR-21 and miR-223 in 45 samples from patients with

NET treated between 2010 and 2019 at our department and compared them to healthy con-

trols. Results were correlated with clinical records.

Results

In the total cohort of Patients with NET, miR-223 presented significantly lower levels com-

pared to healthy control samples. In contrast, levels of miR-21 indicated no significant

changes between the two groups. Interestingly, despite being significantly downregulated in

all NET patients, concentrations of miR-223 were independent of clinical or histopatholog-

ical factors such as proliferation activity according to Ki-67 index, tumor grading, TNM

stage, somatostatin receptor expression, presence of functional/ non-functional disease or

tumor relapse. Moreover, in contrast to data from recent publications analyzing other tumor

entities, levels of miR-223 serum levels did not reflect prognosis of patients with NET.

Conclusion

Lower concentrations of circulating miR-223 rather reflect the presence of NET itself than

certain tumor characteristics. The value of miR-223 as a biomarker in NET might be limited

to diagnostic, but not prognostic purposes.
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Introduction

Diagnosis of neuroendocrine tumors (NET) mainly relies on histopathological analyses. In

contrast to other tumor entities where a set of biomarkers (“liquid biopsy”) have been pro-

posed as an alternative to histology, no serum based markers do exist so far for a reliable detec-

tion of NET [1]. Chromogranin A (CgA) represents the most prominent marker in the context

of NET. However, it is rather used for monitoring tumor response on treatment, than for the

initial diagnostic process of NET [2,3]. The lack of easily accessible biomarkers represents a

major drawback in early diagnosis of NET and many patients are first diagnosed in advanced

disease stages lacking curative treatment options. Therefore, innovative parameters reflecting

novel pathophysiological concepts are eagerly needed to improve the clinical management of

patients with NET [4].

MicroRNAs (miRNAs) are small noncoding RNAs that are known to negatively regulate

the expression of their target genes on a posttranscriptional and posttranslational level [5].

About 50% of the human transcriptome is controlled by miRNAs. For inhibition of gene

expression perfect base pairing between miRNA and the respective target messenger RNA

(mRNA) does not represent an essential prerequisite. Therefore, one miRNA might regulate

dozens of mRNAs and, in turn, one mRNA might be regulated by different miRNAs [6,7]. Spe-

cifically in carcinogenesis, alterations in miRNA expression levels have been demonstrated in

almost all tumor entities highlighting the deep integration of miRNAs in the pathophysiology

of cancers [8–10]. Furthermore, miRNAs may act as tumor promotor (oncomiRs) or as tumor

suppressors by targeting genes involved in proliferation, cell cycle control, apoptosis, invasion,

and drug resistance [11].

miRNAs were suggested as next generation biomarkers as they bear some important advan-

tages over classical protein-based biomarkers. First the number of miRNAs is much smaller

than that of proteins, second their chemical complexity is considerably lower and third they

remain stable even under conditions that would lead to degradation of most proteins. Notably,

the specific source of circulating miRNAs has not yet been defined and might even be disease

specific [12].

Recent evidence suggest that miRNAs are involved in the specific carcinogenesis of NET.

For example, a pilot study demonstrated that four serum miRNAs (miR-125b-5p, -362-5p,

-425-5p and -500a-5p) are up-regulated in small bowel NET [13]. Furthermore, a dysregula-

tion of the proliferation-related miRNA miR-21 and the immune-related miRNA miR-223

were associated with gastroenteropancreatic NET [14–16].

We hypothesized that levels of both, miR-21 and miR-223, undergo deregulation and there-

fore represent biologically plausible markers in the context of NET. In the present study, we

measured serum levels of miR-21 and miR-223 in 45 patients with NET, compared them to

healthy controls and correlated results to patients’ clinical course.

Materials and methods

Design of study and patient cohort

In this study, we evaluated circulating levels of miRNAs in a cohort of 45 patients with NET,

which were treated at Charité - Universitätsmedizin Berlin, a tertiary health care center that

provides advanced specialty care to patients with NEN. Our NEN database comprises 612

patients with histologically proven diagnosis of NEN from January 2010 to August 2019. We

could identify 45 patients, that were recruited between January 2000 and October 2013, fulfill-

ing our inclusion criteria. Our inclusion criteria comprised i) histopathologically proven diag-

nosis with NET according to WHO classification 2010 after biopsy or tumor resection [17],
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(ii) gastroenteropancreatic origin and (iii) serum samples collected between January 2000 and

October 2013. Our exclusion criteria comprised (i) a non-gastroenteropancreatic origin and

(ii) a diagnosis with neuroendocrine carcinoma according to WHO classification 2010 after

biopsy or tumor resection [17]. Our patient cohort was randomly selected from the existing

database and can therefore be considered representative of a larger population. Patients were

recruited during regular presentations at our university hospital. Patients’ blood samples were

collected and were centrifuged for 10 min at 2000 g. In order to avoid repetitive freeze-thaw

cycles until use serum aliquots of 1 ml were frozen immediately at -80˚C. 19 healthy blood

donors, who showed no evidence of a malignant tumor, served as control samples. Patients

were included into the study upon providing written informed consent. The study protocol

was approved by the Ethics committee of Charité, University Medicine Berlin, Germany (ethi-

cal approval number EA1/229/17).

miRNA isolation from serum

Total RNA was isolated from human serum samples using the miRNeasy Serum/Plasma

Advanced Kit (Qiagen, Hilden, Germany) according to the manufacturer’s instruction. After-

wards 300 μl serum was transferred into a 2 ml microcentrifuge tube, 90 μl buffer RPL (Qia-

gen, Hilden, Germany), which contains guanidine thiocyanate as well as detergents, was

added, vortexed and incubated at room temperature (RT) for 3 min. To precipitate inhibitors

(mostly proteins that are highly concentrated in serum samples), 90 μl buffer RPP was added,

mixed vigorously followed by an incubation of 3 min at RT. Samples were centrifuged for 3

min at 12000 x g (Eppendorf Centrifuge 5415 R, Hamburg, Germany) at RT until complete

phase separation. The aqueous phase, containing total RNA, was precipitated with one volume

(350–375 μl) 100% isopropanol. In a next step, the entire sample was transferred to a RNeasy

UCP MinElute column and centrifuged for 15 s at 8000 x g. 700 μl buffer RWT (Qiagen, Hil-

den, Germany) was added, followed by centrifugation for 15 s at 8000 x g RT. Afterwards,

500 μl 80% ethanol were added, followed by centrifugation at RT for 15 s at 8000 x g. Total

RNA was eluted with 20 μl RNase-free water and stored at −80 ˚C.

Quantitative real-time PCR

Quantitative real-time polymerase chain reaction (qPCR) was performed as recently described

[5,18]. In brief, 5 μl of extracted total RNA was used to synthesize complementary deoxyribo-

nucleic acid (cDNA) utilizing miScript Reverse Transcriptase Kit (Qiagen, Hilden, Germany)

according to the manufacturer’s protocol. cDNA samples (2 μl) were used for quantitative

real-time PCR (Applied Biosystems 7300 Sequence Detection System, Applied Biosystems,

Foster City, CA) in a total volume of 25 μl using the miScript SYBR Green PCR Kit (Qiagen,

Hilden, Germany) and the miRNA specific primers miR-21 (hsa-miR-21-5p; MIMAT0000

076: 5’-UAGCUUAUCAGACUGAUGUUGA-3’), miR-223 (hsa-miR-223-3p; MIMAT0000280:

5-'UGUCAGUUUGUCAAAUACCCCA-3’) as well as miR-16 (hsa-miR-16-1-3p; MIMAT00

04489: 5’-CCAGUAUUAACUGUGCUGCUGA-3’) for data normalization (Qiagen, primer

sequences available online). All results are given as 2-ΔΔCT and represent the x-fold increase

of gene expression in relation to our housekeeping gene miR-16. Data were generated and ana-

lyzed using the SDS 2.3 and RQ manager 1.2 software packages.

Statistical analysis

Serum data are displayed as scatter plots. Non-parametric data were compared using the

Mann-Whitney U test or the Kruskal-Wallis-Test for multiple group comparisons. Correlation

analyses were performed using the Spearman’s correlation coefficient. Scatter plots display the
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ranges. We generated receiver operating characteristic (ROC) curves by plotting the sensitivity

(%) against 100%—specificity (%). Kaplan-Meier curves display the impact of a specific

parameter on the overall survival. The respective 95% confidence intervals were estimated

with the Kaplan–Meier survival method. Survival curves between groups were compared by

the Log-rank Mantel-Cox test. Given the exploratory character of this study, we refrained

from sample size and power calculations. All statistical analyses were performed with Prism

(version 7.03; GraphPad, La Jolla, California, USA). A p value of<0.05 was considered statisti-

cally significant (�p<0.05; ��p<0.01; ���p<0.001).

Results

Patient characteristics

In the present analysis 45 patients with histologically confirmed NET were included. Out of

these, 24 (53%) were female. Median age at initial diagnosis was 59 years (17–80 years). Pri-

mary tumor localizations were ileum (n = 23) and pancreas (n = 21) as well as the stomach

(n = 1). Median time of follow-up was 9 years (range 0–21 years), and the median Ki-67 prolif-

eration index was 2% (range 1–50%). 23 (52%) tumors were histologically characterized as

Grade 1, 17 (39%) as Grade 2, and 4 (9%) as Grade 3. Patient and tumor characteristics are

given in Table 1.

Circulating levels of miR-223 are lower in NET patients

miRNAs are deeply involved into the pathophysiology NET [14–16,19–21]. Based on these

data and the suggested role of miR-21 and miR-223 in manifold cancers [22–27], we analysed

the potential role of these miRNAs as serum-based markers in patients with NET. Therefore,

we measured concentrations of circulating miR-21 and miR-223 in 45 patients with NET and

19 healthy blood donors as controls. Interestingly, while levels of miR-21 (Fig 1A) were similar

between NET-patients and the control group, concentrations of miR-223 were significantly

lower in NET-patients compared to the healthy controls (Fig 1B). To quantify the discrimina-

tory power of miR-223 for distinguishing between NET and controls we next applied receiver

operating characteristic (ROC) curve analyses revealing an area under the curve (AUC) of

0.7170 for discriminating between patients and healthy controls without any type of cancer

(Fig 1C). Of note, at the ideal cut-off value of 7.750 [AU], the sensitivity for diagnosis of NET

was 89.47% with a specificity of 55.56%.

Levels of miR-223 were recently described in patients with cardiovascular and metabolic

diseases [28,29]. Therefore, we subdivided our cohort of patients in those with cardiovascular

and metabolic diseases and those without, respectively, and compared miR-223 concentra-

tions. Notably, in our cohort, miR-223 concentrations were independent of the presence of

these comorbidities (Fig 1D and 1E) and not associated to the patient’s age or sex (Fig 1F and

1G).

miR-223 levels do not reflect disease characteristics in patients with NET

Based on the downregulation of miR-223 in patients with neuroendocrine tumors we hypothe-

sized that levels of circulating miR-223 might be indicative for specific clinicopathological

characteristics. We therefore analyzed miR-223 levels with respect to different tumor localiza-

tions (Fig 2A), different Ki-67 rates (Fig 2B), different histological tumor grading (Fig 2C),

presence of functional or non-functional disease (Fig 2D) as well as positive or negative

somatostatin receptor (SSR) expression status (Fig 2E). Furthermore, we analyzed miR-223

concentrations in patients with advanced or earlier disease (Fig 2F), presence of metastases
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Table 1. Patient and tumor characteristics.

Characteristics All patients n = 45 (100%)

Sex, female 24 (53%)

Age at initial diagnosis, median 59 (17–80)

Patient age

•� 65

• > 65

• 28 (62%)

• 17 (38%)

Comorbidities

• Diabetes

• Arterial hypertension

• 7/27 (26%)

• 13/27 (48%)

Primary tumor localization

• ileum

• pancreas

• stomach

• 23 (51%)

• 21 (46%)

• 1 (2%)

• Median survival (years)

• Median survival (months)

• No. of patients alive

• No. of death patients

• No. of patients lost-to-follow-up

9 (0–21)

112 (0–247)

• 16 (36%)

• 11 (24%)

• 18 (40%)

Treatment at time of serum sampling

• No treatment

• Surgical resection of primary tumor and/or metastases

• Biological therapy (SSA, IFN)

• Radiation therapy

• PRRT

• n = 8 (18%)

• n = 30 (67%)

• n = 11 (24%)

• n = 1 (2%)

• n = 1 (2%)

• n = 1 (2%)

Treatment during course of disease

• Surgical resection of primary tumor and/or metastases

• Treatment with biological therapy (SSA, IFN)

• Treatment with chemotherapy

• Treatment with PRRT

• n = 42 (93%)

• n = 18 (40%)

• n = 3 (7%)

• n = 3 (7%)

• n = 16 (16%)

Ki-67 (Median; range)

• Ki-67� 3

• Ki-67 > 3 and� 10

• Ki-67 > 10 and� 20

(2%; 1%–50%)

• 26/43 (60%)

• 14/43 (33%)

• 3/43 (7%)

T stage

• T1

• T2

• T3

• T4

n = 35

• 2/35 (6%)

• 12/35 (34%)

• 15/35 (43%)

• 6/35 (17%)

Lymph node metastases

• no

• yes

• 9/44 (20%)

• 35/44 (80%)

Metastases

• No

• Yes

• 11/44 (25%)

• 34/44 (75%)

Hepatic metastases

• No

• Yes

• 16/44 (36%)

• 28/44 (64%)

Peritoneal carcinomatosis

• No

• Yes

• 33/44 (75%)

• 11/44 (25%)

Relapse

• No

• Yes

• 30/42 (71%)

• 12/42 (29%)

Functional disease

• No

• Yes

• 23/41 (56%)

• 19/41 (46%)

(Continued)
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(Fig 2G), lymph node positive or negative disease (Fig 2H) as well as in patients with or with-

out hepatic metastases (Fig 2I) and peritoneal carcinomatosis (Fig 2J). However, no significant

differences became apparent between the different groups, which might be due to the small

sample size used in this study. Finally, we compared miR-223 concentrations between patients

that displayed a tumor relapse after surgery with those in patients with sustained tumor

response. This analysis also did not reveal differences in miR-223 concentrations between the

NET- and healthy group (Fig 2K). We next hypothesized that patients with a higher tumor

load according to elevated Chromogranin A (CgA) concentrations might display further

decrease in miR-223 concentrations. However, when a cut-off value of 98 μg/l (median) was

used, patients with higher CgA concentrations displayed similar miR-223 levels compared to

patients with lower CgA concentrations (Fig 2L).

Recently, a direct link between miRNA serum concentrations and an impaired kidney func-

tion was suggested since circulating miRNAs are cleared by the kidney. We therefore specifi-

cally analyzed miR-223 levels in patients with creatinine concentrations� 1.5 mg/dl and those

with lower levels. Interestingly, both groups displayed similar miR-223 concentrations (Fig

Table 1. (Continued)

Characteristics All patients n = 45 (100%)

SSR expression

• No

• Yes

• 6/41 (15%)

• 35/41 (85%)

Data are n (%) of patients, if not indicated otherwise. The percentages were rounded and may not sum 100%. Where

the denominator is shown, data were not available for all patients.

https://doi.org/10.1371/journal.pone.0244504.t001

Fig 1. Circulating levels of miR-223 are lower in NET patients. (A) Analysis of circulating miR-21 concentrations does not show a significant correlation

between neuroendocrine tumor (NET) patients and healthy controls. (B) In contrast, circulating levels of miR-223 are significantly lower in patients with NET

compared to healthy controls. (C) Receiver operating characteristic (ROC) curve analysis of miR-223 levels reveals an area under the curve (AUC) value of 0.7170

regarding the discrimination of NET patients and healthy controls. There is no significant correlation between miR-223 concentrations in serum and the presence

of (D) arterial hypertension (E) type 2 diabetes (F) age (younger/ older than 65 years) and (G) gender. The scatter plots display relative miR-223 and miR-21

expression levels between two subgroups. The black horizontal lines represent the median per group. (�� p< 0.01). Neuroendocrine tumors (NET).

https://doi.org/10.1371/journal.pone.0244504.g001
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3A). In line, spearman rank analysis did not reveal a correlation between miR-223 and creati-

nine concentrations (Fig 3B).

Circulating miR-223 levels do not reflect overall survival in patients with

NET

In a next step, we analyzed if the miR-223 serum levels could reflect the overall prognosis of

the patients. Therefore, we used Kaplan Meier curve analysis revealing that patients with miR-

223 concentrations higher or lower than the median, 25th, or 75th percentile of all patients dis-

played an almost identical outcome (Fig 4A–4C). Additionally, we found no correlation

between levels of circulating miR-223 and the patient’s survival time. Thus, we concluded that

circulating miR-223 has no immediate value for prognosis prediction in NET.

Circulating levels of miR-21 do not show a significant correlation in respect

to patient characteristics, disease characteristics and overall survival

In line with miR-21 levels not showing any significant difference between NET patients and

the control group, we could not detect a significant correlation between miR-21 levels in

Fig 2. miR-223 levels do not reflect disease characteristics in patients with NET. There is no significant correlation between miR-223 concentration levels in serum

of neuroendocrine tumor patients with respect to (A) different tumor localization, (B) different Ki-67 rates, (C) different histological tumor grading (Grade 1 to 3),

the presence of (D) functional or non-functional disease and (E) SSR positive or negative disease. Analysis of different subgroups with (F) different T-stages, (G) non-

metastasized and metastasized disease, (H) lymph node positive or negative disease, (I) with/ without hepatic metastases and (J) with/ without peritoneal

carcinomatosis does not reveal a significant difference. Moreover, (K) a positive or negative postoperative relapse status and (L) higher or lower Chromogranin A

levels (cut-off value of 98 μg/l (median)) in NET patients do not show any significant correlation. The scatter plots display relative miR-223 expression levels between

different subgroups. The black horizontal lines represent the median per group. (� p< 0.05; ��� p< 0.001).

https://doi.org/10.1371/journal.pone.0244504.g002
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serum of NET patients and patient characteristics such as the presence of comorbidities, age

and gender (S1 Fig). Furthermore, our analysis revealed no association of miR-21 levels in

serum in NET patients with disease characteristics such as tumor localization, Ki-67, histologi-

cal grade, functional disease, SSR positivity, different T-stages, presence of metastases, relapse

status, CgA levels (S2 Fig). Moreover, miR-21 levels were not associated with overall survival

in NET patients (S3 Fig).

Discussion

Our present data corroborate the hypothesis that serum concentrations of miR-223 but not of

miR-21 might be altered in patients with neuroendocrine tumors. Nevertheless, in this rather

small cohort no correlation between miRNA serum levels and patient or tumor specific char-

acteristics could be found.

Fig 3. No significant correlation between miR-223 and impaired kidney function. (A). Serum levels of miR-223 in patients with NET in correlation

to serum creatinine levels. The scatter plot displays relative miR-223 expression levels between two subgroups. The black horizontal line represents the

median per group. (� p< 0.05; ��� p< 0.001). (B) In line, Spearman rank analysis does not reveal a significant correlation between creatinine values and

relative miR-223 levels of NET patients (R = -0.1211, p = 0.4394).

https://doi.org/10.1371/journal.pone.0244504.g003

Fig 4. Circulating miR-223 levels do not reflect overall survival in patients with NET. Kaplan-Meier analysis of miR-223 levels in serum of NET patients above (red

curve) and below (blue curve) (A) the median (6.61 [AU]), (B) the 25th percentile (0.74 [AU]) and (C) 75th percentile (62.75 [AU]) displays a similar outcome. There is

no significant correlation between levels of circulating miR-223 and the patient’s survival time. (� p< 0.05; ��� p< 0.001).

https://doi.org/10.1371/journal.pone.0244504.g004
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We analyzed two biologically plausible miRNAs as potential serum biomarkers in patients

with NET. miR-21 is a well-known player in carcinogenesis, being frequently overexpressed in

various human tumors and in cancer cell lines. Its expression is regulated by STAT3 and NF-

κB transcription factors, which are both activated in a variety of cancers playing critical roles

in the regulation of cell proliferation, invasion, apoptosis, and tumorigenesis [30]. Dysregula-

tion of miR-21 levels are described for almost all types of gastrointestinal cancers [31–33].

The second possible miRNA miR-223 functioned in mouse models as a negative regulator

of DNA repair mechanisms [33]. Furthermore, there is recent evidence that miR-223 expres-

sion is related to lymphovascular invasion and distant metastasis in bladder cancer [24]. In

line, it was demonstrated that downregulation of miR-223 contributes to an epithelial-mesen-

chymal transition and thus promotes metastasis in gastric cancer [34].

In our cohort of patients with NET, miR-223 was significantly down-regulated when com-

pared with healthy controls. Nevertheless, in our analysis miR-223 did not correlate with

patients or tumor specific factors and was linked neither to the tumor grading nor to the

tumor proliferation activity. These explorative data might indicate that lower concentrations

of circulating miR-223 rather reflect the presence of NET itself than certain tumor characteris-

tics. Thus, it might be hypothesized that miR-223 is more likely originating from immune cells

than from the actual tumor cells. miRNAs were shown to be key regulators of the crosstalk

between cancer cells and immune cells. Innate immune cells, particularly macrophages and

granulocytes, regulate via miRNAs the immune development of a tumor’s microenvironment

[35].

Moreover, these data raise the questions, which cells represent the origin of circulating

miR-21/miR-223 in patients with NET and whether miRNAs are passively released into the

blood circulation or released in an actively regulated process. The fact that concentrations of

circulating miRNA do not correlate with tumor or patient specific factors suggest a passive

release. However, the data presented here do not allow to finally answer these questions.

Recently, it was suggested that circulating exosomal miRNAs can regulate gene expression in

distant tissues and have far-reaching systemic effects [36,37]. As an example, Liu et al. demon-

strated that cancer cells-derived exosomal miRNAs can reduce the resistance of ovarian cancer

cells to platinum derived chemotherapy. miR-223 plays a pivotal role in the regulation of

immune cells and systemic inflammatory processes. Thus, tumor derived miR-223 might

directly influence gene expression networks that lead to the activation of immune cells and

create a pro- or anti-inflammatory microenvironment potentially allowing tumors to escape

immune surveillance. Corroborating this hypothesis, tumor-associated myeloid-derived sup-

pressor cells (MDSCs), including mono- and polynuclear subsets, were demonstrated to

express lower miR-223 when compared with CD11b+Gr1+ cells from cancer-free mice [38].

Based on miRNAs’ tissue-specific expression, their rapid release into the blood flow and

their stability in plasma, circulating miRNAs are presently scrutinized for their capability as

biomarkers for NET both in a diagnostic and prognostic setting [39]. Measurements of circu-

lating miRNAs might serve as a potential new approach for prompt and non-invasive diagnos-

tic / prognostic screening using real-time PCR. Our data support the use of serum levels of

miR-223 as a novel tool for diagnosis of NET. miR-223 might be of particular value when inte-

grated into a panel of other parameters rather than when being used as a single marker.

Our study bears some important limitations. Sample size is rather small as patients with

NET are scarce. This fact also accounts to the heterogenicity of our cohort in terms of different

tumor grading and localization included. Moreover, the small patient numbers included into

different subgroup analysis might have masked existing differences between these groups.

Since all patients were treated at a single center, confirming the results in a multi-center study

would greatly strengthen the data. In addition, our study did not include longitudinal
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measurements during treatment, such as chemotherapy or loco-regional therapies, and we

cannot provide data showing whether the course of circulating miR-223 reflects tumor

response or whether a further decrease in miR-223 concentrations might have a different out-

come than in patients whose levels increase. Furthermore, there is no consensus about stan-

dard controls for the normalization of circulating miRNA levels in blood samples especially in

the exceedingly rare cohort of patients with NET. Quite different strategies including the use

of endogenous and exogenous controls/ normalizers in the context of circulating miRNA

exist, but all are controversially discussed in many aspects. Under these circumstances, an

endogenous miRNA miR-16 was chosen for normalization of circulating miRNAs based on

recent studies [40–47]. In summary, this exploratory analysis should trigger further research

on the important question whether non-coding RNA and, in particular miRNA, are involved

in the complex pathophysiology of NET and might be used as diagnostic or prognostic mark-

ers in patients.

Supporting information

S1 Fig. Circulating miR-21 levels do not show a significant correlation in respect to patient

characteristics. Concentrations of miR-21 in serum are independent of the presence of (A)

arterial hypertension (B) type 2 diabetes (C) age (younger/ older than 65 years) and (D) gen-

der. The scatter plots display relative miR-21 expression levels between two subgroups. The

black horizontal lines represent the median per group. (� p< 0.05; ��� p< 0.001).

(TIF)

S2 Fig. Circulating levels of miR-21 do not show a significant correlation with regard to

disease characteristics. There is no significant correlation between relative miR-21 concentra-

tion levels in serum of NET patients with respect to (A) tumor localization, (B) Ki-67 rates,

(C) histological tumor grading (Grade 1 to 3), the presence of (D) functional or non-functional

disease and (E) SSR positive or negative disease. Analysis of the subgroups with (F) different

T-stages, (G) presence of metastases, (H) lymph node positive or negative disease, (I) with/

without hepatic metastases and (J) with/ without peritoneal carcinomatosis does not reveal

any significant difference. Moreover, (K) a positive or negative postoperative relapse status

and (L) higher or lower Chromogranin A levels (cut-off value of 98 μg/l (median)) in NET

patients do not show any significant correlation. The scatter plots display relative miR-21

expression levels between different subgroups. The black horizontal lines represent the median

per group. (� p< 0.05; ��� p< 0.001).

(TIF)

S3 Fig. Circulating miR-21 levels do not reflect overall survival in patients with NET. sCor-

relation between levels of circulating miR-21 and the patient’s survival time is no significant (�

p< 0.05; ��� p< 0.001).

(TIF)
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References
1. Schuetz P, Chiappa V, Briel M, Greenwald JL. Procalcitonin algorithms for antibiotic therapy decisions:

a systematic review of randomized controlled trials and recommendations for clinical algorithms. Arch

Intern Med. 171(15):1322–31. https://doi.org/10.1001/archinternmed.2011.318 PMID: 21824946

2. Marotta V, Zatelli MC, Sciammarella C, Ambrosio MR, Bondanelli M, Colao A, et al. Chromogranin A as

circulating marker for diagnosis and management of neuroendocrine neoplasms: more flaws than fame.

Endocr Relat Cancer. 2018; 25(1):R11–R29. https://doi.org/10.1530/ERC-17-0269 PMID: 29066503

3. Lyubimova NV, Churikova TK, Kushlinskii NE. Chromogranin As a Biochemical Marker of Neuroendo-

crine Tumors. Bull Exp Biol Med. 2016; 160(5):702–4. https://doi.org/10.1007/s10517-016-3254-0

PMID: 27021085

4. Rindi G, Wiedenmann B. Neuroendocrine neoplasia goes molecular—time for a change. Nat Rev Clin

Oncol. 2019; 16(3):149–50. https://doi.org/10.1038/s41571-018-0118-8 PMID: 30390038

5. Roderburg C, Urban GW, Bettermann K, Vucur M, Zimmermann H, Schmidt S, et al. Micro-RNA profil-

ing reveals a role for miR-29 in human and murine liver fibrosis. Hepatology. 2011; 53(1):209–18.

https://doi.org/10.1002/hep.23922 PMID: 20890893

6. Bartel DP. MicroRNAs: genomics, biogenesis, mechanism, and function. Cell. 2004; 116(2):281–97.

https://doi.org/10.1016/s0092-8674(04)00045-5 PMID: 14744438

7. Mendell JT, Olson EN. MicroRNAs in stress signaling and human disease. Cell. 2012; 148(6):1172–87.

https://doi.org/10.1016/j.cell.2012.02.005 PMID: 22424228

8. Calin GA, Ferracin M, Cimmino A, Di Leva G, Shimizu M, Wojcik SE, et al. A MicroRNA signature asso-

ciated with prognosis and progression in chronic lymphocytic leukemia. The New England journal of

medicine. 2005; 353(17):1793–801. https://doi.org/10.1056/NEJMoa050995 PMID: 16251535

9. Lu J, Getz G, Miska EA, Alvarez-Saavedra E, Lamb J, Peck D, et al. MicroRNA expression profiles clas-

sify human cancers. Nature. 2005; 435(7043):834–8. https://doi.org/10.1038/nature03702 PMID:

15944708

10. Rupaimoole R, Slack FJ. MicroRNA therapeutics: towards a new era for the management of cancer and

other diseases. Nat Rev Drug Discov. 2017; 16(3):203–22. https://doi.org/10.1038/nrd.2016.246 PMID:

28209991

11. Svoronos AA, Engelman DM, Slack FJ. OncomiR or Tumor Suppressor? The Duplicity of MicroRNAs in

Cancer. Cancer Res. 2016; 76(13):3666–70. https://doi.org/10.1158/0008-5472.CAN-16-0359 PMID:

27325641

12. Loosen SH, Schueller F, Trautwein C, Roy S, Roderburg C. Role of circulating microRNAs in liver dis-

eases. World J Hepatol. 2017; 9(12):586–94. https://doi.org/10.4254/wjh.v9.i12.586 PMID: 28515844

13. Malczewska A, Frampton AE, Mato Prado M, Ameri S, Dabrowska AF, Zagorac S, et al. Circulating

MicroRNAs in Small-bowel Neuroendocrine Tumors: A Potential Tool for Diagnosis and Assessment of

Effectiveness of Surgical Resection. Ann Surg. 2019; 1(10):0000000000003502. https://doi.org/10.

1097/SLA.0000000000003502 PMID: 31373926

14. Grolmusz VK, Kovesdi A, Borks K, Igaz P, Patocs A. Prognostic relevance of proliferation-related miR-

NAs in pancreatic neuroendocrine neoplasms. Eur J Endocrinol. 2018; 179(4):219–28. https://doi.org/

10.1530/EJE-18-0305 PMID: 30299890

15. Zimmermann N, Knief J, Kacprowski T, Lazar-Karsten P, Keck T, Billmann F, et al. MicroRNA analysis

of gastroenteropancreatic neuroendocrine tumors and metastases. Oncotarget. 2018; 9(47):28379–90.

https://doi.org/10.18632/oncotarget.25357 PMID: 29983867

PLOS ONE Serum levels of miR-223 but not miR-21 are decreased in patients with neuroendocrine tumors

PLOS ONE | https://doi.org/10.1371/journal.pone.0244504 December 31, 2020 11 / 13

https://doi.org/10.1001/archinternmed.2011.318
http://www.ncbi.nlm.nih.gov/pubmed/21824946
https://doi.org/10.1530/ERC-17-0269
http://www.ncbi.nlm.nih.gov/pubmed/29066503
https://doi.org/10.1007/s10517-016-3254-0
http://www.ncbi.nlm.nih.gov/pubmed/27021085
https://doi.org/10.1038/s41571-018-0118-8
http://www.ncbi.nlm.nih.gov/pubmed/30390038
https://doi.org/10.1002/hep.23922
http://www.ncbi.nlm.nih.gov/pubmed/20890893
https://doi.org/10.1016/s0092-8674%2804%2900045-5
http://www.ncbi.nlm.nih.gov/pubmed/14744438
https://doi.org/10.1016/j.cell.2012.02.005
http://www.ncbi.nlm.nih.gov/pubmed/22424228
https://doi.org/10.1056/NEJMoa050995
http://www.ncbi.nlm.nih.gov/pubmed/16251535
https://doi.org/10.1038/nature03702
http://www.ncbi.nlm.nih.gov/pubmed/15944708
https://doi.org/10.1038/nrd.2016.246
http://www.ncbi.nlm.nih.gov/pubmed/28209991
https://doi.org/10.1158/0008-5472.CAN-16-0359
http://www.ncbi.nlm.nih.gov/pubmed/27325641
https://doi.org/10.4254/wjh.v9.i12.586
http://www.ncbi.nlm.nih.gov/pubmed/28515844
https://doi.org/10.1097/SLA.0000000000003502
https://doi.org/10.1097/SLA.0000000000003502
http://www.ncbi.nlm.nih.gov/pubmed/31373926
https://doi.org/10.1530/EJE-18-0305
https://doi.org/10.1530/EJE-18-0305
http://www.ncbi.nlm.nih.gov/pubmed/30299890
https://doi.org/10.18632/oncotarget.25357
http://www.ncbi.nlm.nih.gov/pubmed/29983867
https://doi.org/10.1371/journal.pone.0244504


16. Malczewska A, Kidd M, Matar S, Kos-Kudla B, Modlin IM. A Comprehensive Assessment of the Role of

miRNAs as Biomarkers in Gastroenteropancreatic Neuroendocrine Tumors. Neuroendocrinology.

2018; 107(1):73–90. https://doi.org/10.1159/000487326 PMID: 29566385

17. Bosman FT CF, Hruban RH, Theise ND. Classification of tumours of the Digestive System. 4th edition

ed. Geneva, Switzerland: WHO Press; 2010.

18. Roderburg C, Luedde M, Vargas Cardenas D, Vucur M, Scholten D, Frey N, et al. Circulating micro-

RNA-150 serum levels predict survival in patients with critical illness and sepsis. PloS one. 2013; 8(1):

e54612. https://doi.org/10.1371/journal.pone.0054612 PMID: 23372743

19. Demes M, Aszyk C, Bartsch H, Schirren J, Fisseler-Eckhoff A. Differential miRNA-Expression as an

Adjunctive Diagnostic Tool in Neuroendocrine Tumors of the Lung. Cancers (Basel). 2016; 8(4). https://

doi.org/10.3390/cancers8040038 PMID: 27023611

20. Lee HW, Lee EH, Ha SY, Lee CH, Chang HK, Chang S, et al. Altered expression of microRNA miR-21,

miR-155, and let-7a and their roles in pulmonary neuroendocrine tumors. Pathol Int. 2012; 62(9):583–

91. https://doi.org/10.1111/j.1440-1827.2012.02845.x PMID: 22924844

21. Sand M, Skrygan M, Sand D, Georgas D, Gambichler T, Hahn SA, et al. Comparative microarray analy-

sis of microRNA expression profiles in primary cutaneous malignant melanoma, cutaneous malignant

melanoma metastases, and benign melanocytic nevi. Cell Tissue Res. 2013; 351(1):85–98. https://doi.

org/10.1007/s00441-012-1514-5 PMID: 23111773

22. Ogata-Kawata H, Izumiya M, Kurioka D, Honma Y, Yamada Y, Furuta K, et al. Circulating exosomal

microRNAs as biomarkers of colon cancer. PLoS One. 2014; 9(4). https://doi.org/10.1371/journal.pone.

0092921 PMID: 24705249

23. Gao Y, Lin L, Li T, Yang J, Wei Y. The role of miRNA-223 in cancer: Function, diagnosis and therapy.

Gene. 2017; 616:1–7. https://doi.org/10.1016/j.gene.2017.03.021 PMID: 28322994

24. Sugita S, Yoshino H, Yonemori M, Miyamoto K, Matsushita R, Sakaguchi T, et al. Tumorsuppressive

microRNA223 targets WDR62 directly in bladder cancer. Int J Oncol. 2019; 54(6):2222–36. https://doi.

org/10.3892/ijo.2019.4762 PMID: 30942440

25. Zhang R, Zhang LJ, Yang ML, Huang LS, Chen G, Feng ZB. Potential role of microRNA2233p in the

tumorigenesis of hepatocellular carcinoma: A comprehensive study based on data mining and bioinfor-

matics. Mol Med Rep. 2018; 17(2):2211–28. https://doi.org/10.3892/mmr.2017.8167 PMID: 29207133

26. Kalinina TS, Kononchuk VV, Yakovleva AK, Alekseenok EY, Sidorov SV, Gulyaeva LF. Association

between Lymph Node Status and Expression Levels of Androgen Receptor, miR-185, miR-205, and

miR-21 in Breast Cancer Subtypes. Int J Breast Cancer. 2020; 23(3259393).

27. Li H, Zhao J, Jia X, Zhang Y, Du Y, Ma L, et al. miR-21 promotes growth, invasion and migration of lung

cancer cells by AKT/P-AKT/cleaved-caspase 3/MMP-2/MMP-9 signaling pathway. Int J Clin Exp Pathol.

2020; 13(4):692–700. PMID: 32355517

28. Deiuliis JA. MicroRNAs as regulators of metabolic disease: pathophysiologic significance and emerging

role as biomarkers and therapeutics. Int J Obes. 2016; 40(1):88–101. https://doi.org/10.1038/ijo.2015.

170 PMID: 26311337

29. Li Y, Deng S, Peng J, Wang X, Essandoh K, Mu X, et al. MicroRNA-223 is essential for maintaining

functional beta-cell mass during diabetes through inhibiting both FOXO1 and SOX6 pathways. J Biol

Chem. 2019; 294(27):10438–48. https://doi.org/10.1074/jbc.RA119.007755 PMID: 31118273

30. Pfeffer SR, Yang CH, Pfeffer LM. The Role of miR-21 in Cancer. Drug Dev Res. 2015; 76(6):270–7.

https://doi.org/10.1002/ddr.21257 PMID: 26082192

31. Samiei H, Sadighi-Moghaddam B, Mohammadi S, Gharavi A, Abdolmaleki S, Khosravi A, et al. Dysre-

gulation of helper T lymphocytes in esophageal squamous cell carcinoma (ESCC) patients is highly

associated with aberrant production of miR-21. Immunol Res. 2019; 67(2–3):212–22. https://doi.org/10.

1007/s12026-019-09079-7 PMID: 31278653

32. Zhang WW, Ming XL, Rong Y, Huang CQ, Weng H, Chen H, et al. Diagnostic Value Investigation and

Bioinformatics Analysis of miR-31 in Patients with Lymph Node Metastasis of Colorectal Cancer. Anal

Cell Pathol (Amst). 2019; 2019:9740475. https://doi.org/10.1155/2019/9740475 PMID: 31934534

33. Xiao T, Jie Z. MiR-21 Promotes the Invasion and Metastasis of Gastric Cancer Cells by Activating Epi-

thelial-Mesenchymal Transition. Eur Surg Res. 2019; 60(5–6):208–18. https://doi.org/10.1159/

000504133 PMID: 31722341

34. Zuo Q, Wang J, Chen C, Zhang Y, Feng DX, Zhao R, et al. ASCL2 expression contributes to gastric

tumor migration and invasion by downregulating miR223 and inducing EMT. Mol Med Rep. 2018; 18

(4):3751–9. https://doi.org/10.3892/mmr.2018.9363 PMID: 30106147

35. Mehta A, Baltimore D. MicroRNAs as regulatory elements in immune system logic. Nat Rev Immunol.

2016; 16(5):279–94. https://doi.org/10.1038/nri.2016.40 PMID: 27121651

PLOS ONE Serum levels of miR-223 but not miR-21 are decreased in patients with neuroendocrine tumors

PLOS ONE | https://doi.org/10.1371/journal.pone.0244504 December 31, 2020 12 / 13

https://doi.org/10.1159/000487326
http://www.ncbi.nlm.nih.gov/pubmed/29566385
https://doi.org/10.1371/journal.pone.0054612
http://www.ncbi.nlm.nih.gov/pubmed/23372743
https://doi.org/10.3390/cancers8040038
https://doi.org/10.3390/cancers8040038
http://www.ncbi.nlm.nih.gov/pubmed/27023611
https://doi.org/10.1111/j.1440-1827.2012.02845.x
http://www.ncbi.nlm.nih.gov/pubmed/22924844
https://doi.org/10.1007/s00441-012-1514-5
https://doi.org/10.1007/s00441-012-1514-5
http://www.ncbi.nlm.nih.gov/pubmed/23111773
https://doi.org/10.1371/journal.pone.0092921
https://doi.org/10.1371/journal.pone.0092921
http://www.ncbi.nlm.nih.gov/pubmed/24705249
https://doi.org/10.1016/j.gene.2017.03.021
http://www.ncbi.nlm.nih.gov/pubmed/28322994
https://doi.org/10.3892/ijo.2019.4762
https://doi.org/10.3892/ijo.2019.4762
http://www.ncbi.nlm.nih.gov/pubmed/30942440
https://doi.org/10.3892/mmr.2017.8167
http://www.ncbi.nlm.nih.gov/pubmed/29207133
http://www.ncbi.nlm.nih.gov/pubmed/32355517
https://doi.org/10.1038/ijo.2015.170
https://doi.org/10.1038/ijo.2015.170
http://www.ncbi.nlm.nih.gov/pubmed/26311337
https://doi.org/10.1074/jbc.RA119.007755
http://www.ncbi.nlm.nih.gov/pubmed/31118273
https://doi.org/10.1002/ddr.21257
http://www.ncbi.nlm.nih.gov/pubmed/26082192
https://doi.org/10.1007/s12026-019-09079-7
https://doi.org/10.1007/s12026-019-09079-7
http://www.ncbi.nlm.nih.gov/pubmed/31278653
https://doi.org/10.1155/2019/9740475
http://www.ncbi.nlm.nih.gov/pubmed/31934534
https://doi.org/10.1159/000504133
https://doi.org/10.1159/000504133
http://www.ncbi.nlm.nih.gov/pubmed/31722341
https://doi.org/10.3892/mmr.2018.9363
http://www.ncbi.nlm.nih.gov/pubmed/30106147
https://doi.org/10.1038/nri.2016.40
http://www.ncbi.nlm.nih.gov/pubmed/27121651
https://doi.org/10.1371/journal.pone.0244504


36. Valadi H, Ekstrom K, Bossios A, Sjostrand M, Lee JJ, Lotvall JO. Exosome-mediated transfer of

mRNAs and microRNAs is a novel mechanism of genetic exchange between cells. Nat Cell Biol. 2007;

9(6):654–9. https://doi.org/10.1038/ncb1596 PMID: 17486113

37. Thomou T, Mori MA, Dreyfuss JM, Konishi M, Sakaguchi M, Wolfrum C, et al. Adipose-derived circulat-

ing miRNAs regulate gene expression in other tissues. Nature. 2017; 542(7642):450–5. https://doi.org/

10.1038/nature21365 PMID: 28199304

38. Liu Q, Zhang M, Jiang X, Zhang Z, Dai L, Min S, et al. miR-223 suppresses differentiation of tumor-

induced CD11b(+) Gr1(+) myeloid-derived suppressor cells from bone marrow cells. Int J Cancer.

2011; 129(11):2662–73. https://doi.org/10.1002/ijc.25921 PMID: 21213211

39. Dragomir MP, Kopetz S, Ajani JA, Calin GA. Non-coding RNAs in GI cancers: from cancer hallmarks to

clinical utility. Gut. 2020; 69(4):748–63. https://doi.org/10.1136/gutjnl-2019-318279 PMID: 32034004

40. Binderup HG, Madsen JS, Heegaard NHH, Houlind K, Andersen RF, Brasen CL. Quantification of

microRNA levels in plasma—Impact of preanalytical and analytical conditions. PLoS One. 2018; 13(7).

https://doi.org/10.1371/journal.pone.0201069 PMID: 30024941

41. Wang B, Zhang Q. The expression and clinical significance of circulating microRNA-21 in serum of five

solid tumors. J Cancer Res Clin Oncol. 2012; 138(10):1659–66. https://doi.org/10.1007/s00432-012-

1244-9 PMID: 22638884

42. Wang X, Zhang X, Yuan J, Wu J, Deng X, Peng J, et al. Evaluation of the performance of serum miR-

NAs as normalizers in microRNA studies focused on cardiovascular disease. J Thorac Dis. 2018; 10

(5):2599–607. https://doi.org/10.21037/jtd.2018.04.128 PMID: 29997921

43. Poel D, Buffart TE, Oosterling-Jansen J, Verheul HM, Voortman J. Evaluation of several methodological

challenges in circulating miRNA qPCR studies in patients with head and neck cancer. Exp Mol Med.

2018; 50(3):288. https://doi.org/10.1038/emm.2017.288 PMID: 29520111

44. Victoria Martinez B, Dhahbi JM, Nunez Lopez YO, Lamperska K, Golusinski P, Luczewski L, et al. Cir-

culating small non-coding RNA signature in head and neck squamous cell carcinoma. Oncotarget.

2015; 6(22):19246–63. https://doi.org/10.18632/oncotarget.4266 PMID: 26057471
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