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The high prevalence of early-diabetes in patients with pancreatic cancer (PanC) implies

that its recognition could help identify people at high risk of developing PanC. Candidate

microRNAs (miRNAs) associated with recent diabetes were screened from our previous

miRNA expression profiling on 10 pools of plasma from PanC patients and non-PanC

controls, both including also subjects with early- and late-diabetes. The droplet digital

PCR (ddPCR) was used to re-test candidate miRNAs in a new independent cohort

of 69 subjects (40 PanC, 29 non-PanC) with early- (17 PanC, 13 non-PanC) or

late-diabetes (23 PanC, 16 non-PanC), and in 100 non-diabetic healthy subjects (HS).

miRNA levels were evaluated for differences between subjects enrolled into the study

and for their diagnostic performance, also compared to the CA 19-9 determinations.

MiR-20b-5p, miR-29a, and miR-18a-5p were selected from the previous miRNA

expression profiling. The ddPCR confirmed the increase of miR-20b-5p and miR-29a

levels in PanCwith early- compared to those with late-diabetes. Conversely, miR-20b-5p,

miR-29a, and miR-18a-5p were over-expressed in both PanC and non-PanC with

recent diabetes compared to HS, and each miRNA achieved a similar diagnostic

performance in distinguishing either PanC or non-PanC with early-diabetes from HS

(miR-20b-5p: AUC= 0.877 vs. AUC= 0.873; miR-29a: AUC = 0.838 vs. AUC = 0.810;

miR-18a-5p: AUC = 0.824 vs. AUC = 0.875). Despite miR-20b-5p and miR-29a

expressions were also higher both in PanC and non-PanC with late-diabetes with

respect to HS, the diagnostic accuracy in PanC with late-diabetes vs. HS reached

by each miRNA (miR-20b-5p: AUC = 0.760; miR-29a: AUC = 0.630) was lower

than the ones achieved in PanC with early-diabetes vs. HS. Furthermore, miR-20b-5p

achieved a higher diagnostic accuracy to discriminate non-PanC with early-diabetes

from HS (AUC = 0.868; SP = 81%; PPV = 32.1%) compared to the CA 19-9
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(AUC = 0.700; SP = 40.0%; PPV = 15.5%), and the joint (miR-20b-5p and CA 19-9)

discrimination ability was higher than the one achieved by the CA 19-9 tested alone

(AUC = 0.900, p = 0.003). Our data highlighted the association between miR-18a-5p

and early-diabetes, and suggested for miR-20b-5p and miR-29 a role in identifying early

diabetes in PanC, albeit not as an early manifestation of cancer. MiR-20b-5p as more

informative marker than CA 19-9 in distinguishing non-PanC with recent diabetes from

HS was also uncovered.

Keywords: pancreatic cancer, circulating microRNA, early diabetes, expression profile, diagnostic performance

INTRODUCTION

The increasing diagnostic and therapeutic burden of pancreatic
cancer (PanC) implies that early diagnosis represents the only
opportunity to improve long-term disease survival. The absence
of sensitive and specific markers for early detection of PanC, and
the lack of a high-risk population for the development of the
disease limit the possibility to screen people (1).

The very high prevalence of early-onset diabetes in patients
with PanC and the experimental evidence suggest that diabetes
is caused by cancer, thus recent diabetes could help define
the group of subjects at high risk for developing the PanC.
Diabetes occurs in almost half of all patients with PanC. The
reported prevalence varies from 23 to 75% (2), and most cases
of PanC-associated diabetes are of recent onset, beginning up
to 2 years preceding the diagnosis of cancer (3–5). Humoral
process mediates the pathogenesis of diabetes in PanC (6): β-cells
are made susceptible to failure by circulating factors and the
increase in insulin resistance associated with PanC is sufficient
to cause β-cell decompensation and diabetes; in addition, the
development of diabetes in PanC is probably a result of an
interaction between clinical risk factors for development of
diabetes and tumor factors, thus individuals with a predisposition
to diabetes might develop diabetes more frequently in the setting
of PanC than those without risk factors for diabetes. Overall, new-
onset diabetes has been recognized as a manifestation of PanC
and might play a role as a marker of early asymptomatic cancer
(6–8). In addition, although with controversial results, the impact
of diabetes on the long-term outcomes of patients with PanC has
also been investigated (9–11). However, markers for early-onset
diabetes associated with PanC have not yet fully investigated, and
a better understanding of the pathogenesis of PanC-associated
diabetes might uncover new promising clouds for early diagnosis
of PanC.

In the attempt to test the relationship between diabetes

and miRNA expression deregulation, different authors have

investigated miRNAs levels alterations in the blood of diabetic
patients compared to healthy subjects. Both newly diagnosed and
long-term diabetic patients have been taken into account, and
several miRNAs with increased (miR-320a, miR-142-3p, miR-
222, miR-29a, miR-27a, miR-375) and decreased (miR-197, miR-
20b, miR-17, miR-652) expression levels have been identified
(12). More recently, the over-expression of a panel of six miRNAs
(i.e., miR-483-5p, miR-19a, miR-29a, miR-20a, miR-24, miR-
25) in serum has been reported to improve the diagnostic

performance in distinguishing patients with PanC-associated
diabetes from healthy controls (13).

This study aims to uncover novel miRNAs in plasma useful
as biomarkers for recent-onset diabetes, potentially associated
with PanC. To pursue this intent, we re-evaluated our previous
data on miRNAs expression profiles in pools of plasma from
PanC patients and no-PanC controls, both including also subjects
with early- and late-onset diabetes (14). Candidate miRNAs
discovered through the array-based approach were re-tested in
an independent cohort of 69 subjects (PanC and no-PanC)
with early- and late-onset diabetes, and in a control group
including 100 healthy subjects without diabetes (HS). Differences
in miRNA expression levels in subjects with early-diabetes
compared to either those with late-diabetes or non-diabetic
HS were evaluated. MiRNAs plasma levels were also tested for
their diagnostic performance, and compared to the CA 19-
9 determinations.

MATERIALS AND METHODS

Study Design and Population
This study was designed following the same methodological
approach described in our previous article (14). Briefly, two
distinct experimental phases were conceived: the discovery
phase, where miRNAs with a potential role in recent diabetes
were screened by profiling miRNA expression levels in pool
sets of plasma; the validation phase, where miRNAs emerged
from the screening phase were re-tested in a new independent
study population.

In the discovery phase, we started from our previous
microarray data on 10 pools of plasma from PanC patients
and non-PanC controls (ArrayExpress, Accession Number: E-
MTAB-8378), including two pools from subjects with early-onset
diabetes (Pool4 from non-PanC, and Pool9 from PanC) and two
other pools from subjects with late-onset diabetes (Pool5 from
non-PanC, and Pool10 from PanC) (14). Herein, a total of 169
subjects were enrolled into the validation phase, including 69
subjects with diabetes (29 non-PanC and 40 PanC) and 100 non-
diabetic HS used as a control group. The median age of subjects
within the diabetics and the controls was similar (67 years vs.
63 years, respectively). The former group included subjects with
early diabetes (N = 30), i.e., with diabetes diagnosed within
2 years prior the samples collection (for non-PanC, n = 13)
or the clinical diagnosis of PanC (for PanC, n = 17), and 39
subjects with a long-time diagnosed diabetes (16 non-PanC and
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23 PanC). The control group included subjects who received
a diagnosis of functional gastrointestinal disease (e.g., gastritis,
gastro-esophageal reflux disease, dyspepsia, and somatic stress)
at the outpatient clinic of the Division of Gastroenterology; as
expected, subjects with chronic liver disease with or without
cirrhosis, chronic pancreatitis or pancreatic cysts, inflammatory
bowel diseases, tumors of the digestive system and biliary tract,
polyps were not enrolled into the control population. In all the
subjects, the presence/absence of diabetes was ascertained by
medical history interview. Demographic features and baseline
clinical-pathological characteristics of the validation cohort are
shown in Table 1.

All the subjects enrolled into the study were collected
at the Divisions of Gastroenterology of “Casa Sollievo della
Sofferenza” Hospital, San Giovanni Rotondo (Italy), after signing
an informed consent form. The study was approved by the local
Ethics Committee (Prot. No. 96/CE/2011).

Plasma Collection, miRNAs Purification
and Quantification by Droplet Digital PCR
Plasma samples were collected and processed for RNA isolation
as previously reported (15). Absolute levels of miRNAs in plasma
were quantified at the droplet digital PCR (ddPCR) system

(Bio-Rad Laboratories, Hercules, CA) by using the TaqMan
miRNA Reverse Transcription Kit and miRNA-specific stem-
loop primers (Thermo Fisher Scientific, Foster City, CA; cat.
No. 4427975; hsa-miR-18a-5p, Assay ID: 002422; hsa-miR-29a,
Assay ID: 002112; hsa-miR-20b-5p, Assay ID: 001014) according
to the manufacturer’s instructions, and following the same
experimental protocol described in our previous work (15).

Data Analysis
Rawmicroarray data and miRNAs expression data were analyzed
as previously reported (14). Statistical differences in miRNA
expression between plasma pool sets were assessed using the
ANOVA test, and bysetting a significance threshold to 0.01.
Log-transformed and quantile normalized probeset signals of
differentially expressed miRNAs were represented by heatmap,
using Pearson correlation as a dissimilarity measure.

The Shapiro–Wilk and Kolmogorov–Smirnov tests were
performed to assess whether the values of miRNAs expression
levels and CA 19-9 serum marker were normally distributed.
Because of the violation of normality assumption (having also
tested the distribution of log-transformed values), expression
levels of miRNAs and CA 19-9 serum marker were reported
as median along with interquartile range (IQR, i.e., first-third

TABLE 1 | Demographics characteristics of pancreatic cancer (PanC) patients, non-PanC controls and non-diabetic healthy subjects (HS), and baseline

clinical-pathological features of PanC patients included in the validation cohort.

PanC Non-PanC Not diabetic-HS

(N = 40) (N = 29) (N = 100)

Age (years). median (IQR) 68.0 (63.5–76.0) 64.0 (65.0–72.0) 63.0 (57.0–70.0)

Gender. N Male (%) 20 (50.0) 9 (31.0) 43 (43.0)

Pre-operative classification. N (%)

Resectable 8 (20.0)

Locally advanced 18 (45.0)

Metastatic 14 (35.0)

Surgery. N (%)

No 32 (80.0)

Yes 8 (20.0)

Tumor location. N (%)

Head 28 (70.0)

Body/Tail 12 (30.0)

Tumor stage. N (%)

IIA 2 (5.0)

IIB 6 (15.0)

III 18 (45.0)

IV 14 (35.0)

Adjuvant therapy. N (%)

No 21 (52.5)

Yes 19 (47.5)

Diabetes, N Early Late Early Late

(N = 17) (N = 23) (N = 13) (N = 16)

Age (years). median (IQR) 68.0 (35.0–70.0) 68.0 (63.0–76.0) 63.0 (61.0–64.0) 67.0 (61.0–74.0)

Gender. N Male (%) 7 (41.2) 13 (56.5) 6 (46.2) 3 (18.8)
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TABLE 2 | MicroRNA differentially expressed in pools of plasma from subjects

with early-onset diabetes compared to those with late-onset diabetes (A) and to

non-pancreatic cancer controls (B).

A Fold-change (95% CI) P-value

hsa-miR-126 1.558 (1.31–1.86) 0.001

hsa-miR-4742 1.390 (1.22–1.58) 0.001

hsa-miR-4660 1.443 (1.24–1.68) 0.001

hsa-miR-9-1 1.416 (1.21–1.65) 0.001

hsa-miR-4439 1.579 (1.29–1.94) 0.001

hsa-miR-4524a-5p 1.151 (1.08–1.23) 0.001

hsa-miR-892c-5p 1.548 (1.27–1.89) 0.001

hsa-miR-3976 1.467 (1.22–1.76) 0.002

hsa-miR-1271 1.360 (1.17–1.58) 0.002

hsa-miR-302a-3p 1.433 (1.20–1.72) 0.002

hsa-miR-4263 1.797 (1.33–2.43) 0.002

hsa-miR-6807-3p 1.384 (1.15–1.66) 0.004

hsa-miR-301a 1.159 (1.07–1.26) 0.004

hsa-miR-20b 1.649 (1.24–2.20) 0.005

hsa-miR-98 1.731 (1.25–2.39) 0.005

hsa-miR-3119-2 1.312 (1.12–1.54) 0.005

hsa-miR-95-3p 1.310 (1.11–1.55) 0.006

hsa-miR-603 1.274 (1.09–1.49) 0.008

hsa-miR-29a 1.493 (1.15–1.93) 0.008

hsa-miR-6830 1.249 (1.08–1.44) 0.008

hsa-miR-490-3p 1.387 (1.12–1.71) 0.008

hsa-miR-3670-1 1.337 (1.11–1.61) 0.008

hsa-miR-3670-2 1.337 (1.11–1.61) 0.008

hsa-miR-2278 1.479 (1.15–1.91) 0.009

hsa-miR-34b-5p 1.341 (1.11–1.63) 0.009

hsa-miR-378h 1.337 (1.10–1.62) 0.009

hsa-miR-4735 1.362 (1.11–1.67) 0.009

hsa-miR-3672 1.323 (1.10–1.59) 0.009

hsa-miR-8084 1.261 (1.08–1.14) 0.010

hsa-miR-541 −1.170 (−1.23; −1.11) <0.001

hsa-miR-325 −1.500 (−1.71; 1.31) <0.001

hsa-miR-6733 −1.242 (−1.37; −1.12) 0.001

hsa-miR-3160-3p −1.181 (−1.28; −1.09) 0.001

hsa-miR-320b-1 −1.231 (−1.36; −1.11) 0.002

hsa-miR-4779 −1.220 (−1.34; −1.11) 0.002

hsa-miR-8052 −1.716 (−2.30; −1.28) 0.003

hsa-miR-4503 −1.507 (−1.89; −1.20) 0.004

hsa-miR-5572 −1.510 (−1.94; −1.17) 0.006

hsa-miR-4501 −1.382 (−1.68; −1.13) 0.006

hsa-miR-548q −1.223 (−1.38; −1.08) 0.006

hsa-miR-345 −1.453 (−1.83; −1.15) 0.006

hsa-miR-3199 −1.263 (−1.46; −1.09) 0.007

hsa-miR-1247-5p −1.712 (−2.42; −1.21) 0.008

hsa-miR-1226-3p −1.429 (−1.80; −1.14) 0.008

hsa-miR-221 −1.376 (−1.70; 1.11) 0.009

hsa-miR-520d-3p −1.481 (−1.92; −1.14) 0.009

hsa-miR-6835 −1.145 (−1.25; −1.05) 0.010

(Continued)

TABLE 2 | Continued

B

hsa-miR-4666a-3p 1.334 (1.21–1.47) <0.001

hsa-miR-4487 1.587 (1.29–1.96) 0.001

hsa-miR-6840 1.337 (1.16–1.54) 0.002

hsa-miR-490-3p 1.443 (1.20–1.73) 0.002

hsa-let-7b-5p 1.631 (1.27–2.09) 0.002

hsa-miR-4799-5p 1.239 (1.11–1.38) 0.003

hsa-miR-6084 1.287 (1.12–1.47) 0.003

hsa-miR-4694-5p 1.384 (1.16–1.65) 0.003

hsa-miR-3976 1.385 (1.16–1.66) 0.004

hsa-miR-3117-5p 1.565 (1.21–2.02) 0.004

hsa-miR-487a 1.364 (1.14–1.63) 0.004

hsa-miR-2392 1.276 (1.11–1.47) 0.004

hsa-miR-20b 1.561 (1.20–2.02) 0.005

hsa-miR-518c-3p 1.381 (1.14–1.67) 0.005

hsa-miR-6795-5p 1.563 (1.19–2.04) 0.006

hsa-miR-515-5p 1.266 (1.10–1.46) 0.006

hsa-miR-641 1.368 (1.13–1.65) 0.006

hsa-miR-4503 1.318 (1.11–1.56) 0.006

hsa-miR-18a-5p 1.969 (1.26–3.00) 0.007

hsa-miR-29a 1.423 (1.14–1.77) 0.007

hsa-miR-497-3p 1.255 (1.09–1.45) 0.007

hsa-miR-2278 1.428 (1.14–1.79) 0.007

hsa-miR-4278 1.203 (1.07–1.35) 0.007

hsa-miR-6866 1.414 (1.14–1.76) 0.007

hsa-miR-587 1.306 (1.10–1.55) 0.008

hsa-miR-3675-5p 1.283 (1.09–1.50) 0.008

hsa-miR-1279 1.541 (1.17–2.04) 0.008

hsa-miR-6807-3p 1.315 (1.10–1.57) 0.008

hsa-miR-4439 1.414 (1.13–1.77) 0.008

hsa-miR-6508-5p 1.325 (1.10–1.60) 0.009

hsa-miR-3652 1.315 (1.10–1.58) 0.009

hsa-miR-3928 1.203 (1.06–1.36) 0.009

hsa-miR-4790-5p 1.425 (1.12–1.81) 0.010

hsa-miR-325 −1.407 (−1.58; −1.25) <0.001

hsa-miR-541 −1.131 (−1.19; −1.07) 0.001

hsa-miR-451b −1.197 (−1.32; −1.09) 0.003

hsa-miR-4709 −1.281 (−1.45; −1.12) 0.003

hsa-miR-4290 −1.48 (−1.83; −1.20) 0.003

hsa-miR-4766 −1.153 (−1.25; −1.07) 0.003

hsa-miR-3160-3p −1.145 (−1.23; −1.06) 0.003

hsa-miR-3911 −1.273 (−1.45; −1.12) 0.003

hsa-miR-4258 −1.972 (−2.89; −1.34) 0.004

hsa-miR-4302 −1.431 (−1.76; −1.17) 0.004

hsa-miR-7703 −1.216 (−1.36; −1.09) 0.004

hsa-miR-498 −1.310 (−1.53; −1.12) 0.005

hsa-miR-548ag −1.428 (−1.76; −1.16) 0.005

hsa-miR-5590-3p −1.345 (−1.61; −1.12) 0.006

hsa-miR-936 −1.305 (−1.54; −1.11) 0.006

hsa-miR-6873-3p −1.155 (−1.26; −1.06) 0.006

hsa-miR-4779 −1.23 (−1.40; −1.08) 0.007

hsa-miR-3179 −1.297 (−1.53; −1.10) 0.007

hsa-miR-585 −1.36 (−1.66; −1.12) 0.008

hsa-miR-548y −1.334 (−1.61; −1.11) 0.008

hsa-miR-3928-5p −1.314 (−1.57; −1.10) 0.009

hsa-miR-1287-3p −1.176 (−1.31; −1.06) 0.009

hsa-miR-5701 −1.247 (−1.45; −1.08) 0.010

hsa-miR-548s −1.191 (−1.34; −1.06) 0.010

hsa-miR-1292-3p −1.367 (−1.69; −1.11) 0.010
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quartiles) and pairwise comparisons of miRNA levels and CA 19-
9 determinations between subjects with early diabetes and either
those with late diabetes or non-diabetic HS were performed using
the Mann–Whitney U-test. For each miRNA, and for CA 19-9 a
boxplot was produced, along with raw data points (a log-scale was
used for the Y-axis).

The diagnostic accuracy achieved by miRNAs and CA
19-9 levels, in discriminating subjects with early- and late-
onset diabetes from non-diabetic HS, was assessed by the
Receiver Operating Characteristic (ROC) curve analysis, with the
estimation of the Area Under the ROC curve (AUC), along with
its 95% confidence interval (CI), computed with 2000 stratified
bootstrap replicates. Sensitivity (SE), specificity (SP), positive
predictive value (PPV) and negative predictive value (NPV)
were calculated at the optimal cut-off of the ROC curve, which
jointly maximizes sensitivity and specificity (i.e., at the maximum
Youden index). Comparison between the diagnostic accuracies
achieved by each miRNA and CA 19-9 in discriminating both
early-onset vs. non-diabetic HS (AUC1) and late-onset vs. non-
diabetic HS (AUC2) was assessed by computing the difference
from two uncorrelated AUCs (1AUC=AUC1-AUC2) following
DeLong method (16), assuming the asymptotic normality of the
AUCs estimators and setting their covariance equals to zero. The
joint diagnostic ability of CA 19-9 marker and miRNA levels was
assessed using individual predicted probabilities derived from
a multivariable logistic regression model which included both
predictors. Improvement in diagnostic ability (i.e., CA 19-9 and
miRNA vs. CA 19-9 only) was assessed by comparing the AUC
estimated from individual predicted probabilities derived from
the two nested models (1AUC), following the DeLong test (16).
It is worth to remark that, for both analyses, De Long test was
performed on log-transformed variables. This is mainly due to
the fact that the distribution of 1AUC can be degenerate if the
predictors included in the logistic model were not normally (at
least symmetrically) distributed, with a consequence that the 95%
CI of the difference of two nested AUCs could not have the
appropriate coverage (17, 18).

A two-sided p < 0.05 was considered for statistical
significance. All statistical analyses were performed using SAS
Release 9.4 (SAS Institute, Cary, NC, USA). Data filtering,
analyses and plots were carried out using R Foundation for
Statistical Computing (version 3.6).

RESULTS

Identification of Candidate miRNAs
Associated With Recent Diabetes
The extent of expression difference between pools was
preliminarily guessed by PCA (14). This highlighted that
the pool sets from subjects with early-onset diabetes (Pool4
and Pool9) were spatially separated either from those including
subjects with late-onset diabetes (Pool5 and Pool10) and from
those constituted by non-PanC controls (Pool1−2−3); the PCA
also revealed a close proximity between the Pool5 and the three
pool sets from non-PanC (Pool1−2−3). These spatial distributions
suggested a difference in miRNAs expression levels between

subjects with early-onset diabetes and both the individuals with
late-onset diabetes and non-PanC controls.

According to this, candidate miRNAs with the potential
to discriminate subjects with early-onset diabetes from those
with late-onset diabetes were identified by comparing miRNA
expression levels between Pool4−9 and Pool5−10. A total of 47
miRNAs resulted differently expressed, with 29 up- and 18 down-
regulated in early-onset subjects (Table 2A). The most significant
changes were measured for miR-541 and miR-325. Similarly,
candidate miRNAs with the potential to distinguish subjects with
early-onset diabetes from non-PanC controls were identified by
comparing Pool4−9 and Pool1−2−3−5. As reported in Table 2B,
33 miRNAs were over-expressed in the former group, while 25
were down-regulated; miR-4666a-3p and miR-325 exhibited the
most significant difference.

The heatmap in Figure 1 was drawn using miRNAs whose
expression values were up-regulated in early-onset diabetes
subjects when compared with late-onset diabetes and non-PanC
controls. The resulting clustering of pools was consistent with
that observed in the preliminary PCA plot (14).

Selection of Candidate miRNAs Associated
With Recent Diabetes for Further
Validation Tests
MiRNAs with a potential role in the pathogenesis of recent
diabetes associated with PanC were picked among those
significantly over-expressed reported in Tables 2A, B. Both these
miRNA sets were prioritized by functional pertinence by means
of the IPA BioProfiler tool, as previously reported (14). Following
this approach, the lists of miRNAs with annotated effect on
human diseases and biological functions and with reported
causal or correlation evidences exisisting between miRNAs and
PanC/diabetes in literature data were reduced in number to 11
and 8, respectively (Supplementary Table 1). CandidatemiRNAs
were further filtered according to: (i) their expression trends,
namely only miRNAs that were previously reported as up-
regulated were considered; (ii) the yielded effect of miRNA on
PanC and diabetes, where only miRNAs reported as involved in
both the diseases were considered; (iii) the fold-change values,
where miRNAs showing the highest fold-change values were
selected. Finally, miR-20b-5p, miR-29a, and miR-18a-5p were
retained for the validation tests. In detail, miR-29a and miR-
20b-5p distinguished subjects with early-onset diabetes from
both those with late-onset diabetes or HS, whereas miR-18a-
5p significantly discriminated only subjects with early-onset
diabetes from HS.

Validation of Candidate miRNAs
Associated With Recent Diabetes
Median expression levels of miRNAs and CA 19-9
determinations in the validation cohort are shown in Table 3.
To assess the association between candidate miRNAs and recent
diabetes as early manifestation of PanC, differences in miRNA
expression levels between subjects enrolled into the study were
first evaluated by considering the entire cohorts of subjects with
early- or late-diabetes (PanC+ non-PanC), and then by splitting
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FIGURE 1 | Heatmap of miRNAs identified as up-regulated by microarray in pool sets of plasma from subjects with early-onset diabetes compared to those from

late-onset diabetes and controls. Blu indicates up-regulation and red indicates the down-regulation of miRNA expression. Plasma pool samples and miRNAs are listed

across the x- and y-axis, respectively. Pool1−2−3 : sets of plasma from non-PanC controls; Pool4 and Pool9: sets of plasma from subjects with early-diabetes,

non-PanC controls and PanC patients, respectively; Pool5 and Pool10: sets of plasma from subjects with late-diabetes, non-PanC controls and PanC patients,

respectively.
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FIGURE 2 | Boxplots of the absolute quantification of circulating miRNAs and CA 19-9 levels in subjects with early-onset diabetes (PanC patients + non-PanC

controls) and in non-diabetic healthy subjects (HS). Values of both miRNAs (no.copies/µl) and CA 19-9 (U/ml) are reported in log scale (y-axis).

PanC patients and non-PanC controls into two independent
subgroups including early- and late-diabetics, respectively.

Plasma levels of miR-20b-5p andmiR-29a did not significantly
differ between the entire cohorts of subjects with early-
(n= 30) and late-diabetes (n = 39). However, when PanC
patients and non-PanC controls were split into two independent
subgroups, the expression levels of miR-20b-5p and miR-29a
were significantly increased in plasma from PanC patients with
early- (n = 17) compared to those with late-diabetes (n= 23);
conversely, no significant differences emerged between non-
PanC with recent (n = 13) and long term diabetes (n = 16).
On the other hand, circulating levels of miR-20b-5p, miR-29a,
and miR-18a-5p were significantly increased either in the entire
cohort and in the two independent subgroups of subjects with
early diabetes compared to non-diabetic HS, in line with the trend
of the CA 19-9 determinations (Figure 2).

As reported in Table 3, miR-20b-5p and miR-29a showed

increased expression levels also in plasma from subjects with late-

diabetes compared to non-diabetic HS. However, the alterations

in circulating miRNAs levels were in line with the trend of the

CA 19-9 determinations only in the overall population of late

diabetics and in the subgroup of PanC patients with late-diabetes

compared to the control group.

The median levels of miRNAs did not statistically
differ between hemolyzed and not-hemolyzed samples
(Supplementary Table 2), classified either according to the
optical density of free hemoglobin at 414 nm and to the lipemia-
independent hemolysis score (15). Thus, all the samples were
included in the following evaluations.

Diagnostic Performance of Recent
Diabetes-Associated miRNAs
We evaluated the diagnostic abilities of miR-20b-5p, miR-18a-5p,
and miR-29a to discriminate subjects with early-onset diabetes
from the non-diabetic HS. The diagnostic power of miRNA in
discriminating recent diabetes from non-diabetic HS was tested
first by considering the entire cohorts of subjects with early-
diabetes (PanC+ non-PanC), and then by splitting PanC patients
and non-PanC controls into two independent subgroups.

As shown in Figure 3, every single miRNA reached a
similar diagnostic performance in distinguishing subjects with
recent diabetes (both PanC and non-PanC) from the non-
diabetic HS. We also determined the diagnostic performance
of the combination between all the three miRNAs (AUC
= 0.875, 95% CI = 0.815–0.935). Noteworthy, when PanC
patients and non-PanC controls were split into two independent
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TABLE 3 | Expression levels of miRNAs and CA 19-9 in the validation cohort of subjects with early- and late-onset diabetes, and in the control group including

non-diabetic healthy subjects.

Early diabetes Late diabetes Controls P-value P-value P-value

(ED) (LD) ED vs. LD ED vs. controls LD vs. controls

PanC + Non-PanC PanC + Non-PanC Non-diabetic HS

(N = 30) (N = 39) (N = 100)

miR-20b-5p 23.6 (12.4–34.0) 12.4 (1.2–39.6) 0.15 (0.15–1.0) 0.146 <0.001 <0.001

miR-29a 95.6 (63.6–126.4) 53.6 (9.2–154.4) 3.6 (0.9-15.2) 0.097 <0.001 <0.001

miR-18a-5p 29.0 (14.8–49.6) – 1.0 (0.3–7.2) – <0.001 –

CA 19-9 141.0 (7.9–1138.0) 44.8 (4.8–278.0) 4.2 (2.5–8.8) 0.208 <0.001 <0.001

PanC (N = 17) PanC (N = 23)

miR-20b-5p 28.0 (14.0–32.0) 8.6 (0.4–25.2) 0.019 <0.001 <0.001

miR-29a 100.4 (58.8–149.2) 33.4 (0.7–86.8) 0.011 <0.001 0.060

miR-18a-5p 27.6 (20.4–44.0) – – <0.001 –

CA 19-9 887.0 (240.0–3311.0) 241.0 (64.9–397.4) 0.052 <0.001 <0.001

Non-PanC (N = 13) Non-PanC (N = 16)

miR-20b-5p 20.8 (11.6–34.0) 22.8 (5.6–43.6) 0.719 <0.001 <0.001

miR-29a 89.2 (66.4–120.8) 118.0 (25.2–192.0) 0.688 <0.001 <0.001

miR-18a-5p 30.4 (14.8–51.2) – – <0.001 –

CA 19-9 8.9 (5.3–14.3) 4.5 (3.2–8.3) 0.097 0.030 0.688

Values were reported as median along with interquartile range (IQR, i.e., first-third quartiles).

PanC, pancreatic cancer; Non-PanC, not-pancreatic cancer controls; HS, healthy subjects.

Statistically significant results (p < 0.05) are in italic.

subgroups, the diagnostic performance achieved by each miRNA
in distinguishing PanC with early-onset diabetes from non-
diabetic HS (miR-20b-5p: AUC = 0.877, 95% CI = 0.811–0.943;
miR-29a: AUC = 0.838, 95% CI = 0.738–0.938; miR-18a-5p:
AUC = 0.824, 95% CI = 0.741–0.907; miRNAs panel: AUC =

0.877, 95% CI= 0.810–0.944) was similar to the ones achieved in
discriminating non-PanC with recent diabetes from non-diabetic
HS (miR-20b-5p: AUC= 0.873, 95% CI= 0.798-0.947; miR-29a:
AUC= 0.810, 95% CI= 0.691–0.929; miR-18a-5p: AUC= 0.785,
95% CI = 0.666-0.905 miRNAs panel: AUC = 0.866, 95% CI
= 0.788–0.945).

We sought to investigate whether the expression levels of
miR-20b-5p and miR-29a were also able to distinguish between
subjects with late-onset diabetes and HS (data are shown in
Supplementary Table 3). Althought each miRNA showed the
ability to discriminate either PanC or non-PanC with late-
diabetes from the HS, the measures of diagnostic accuracy
reached in distinguishing PanC with late-diabetes from HS were
significantly lower than those achieved in discriminating between
PanC with early-diabetes and the HS (miR-20b-5p: AUC= 0.760,
95% CI = 0.655-0.865 vs. AUC = 0.877, 95% CI = 0.811–0.943;
miR-29a: AUC= 0.630, 95% CI= 0.479–0.781 vs. AUC= 0.838,
95% CI = 0.738–0.938). Conversely, no significant differences
emerged between the discriminatory ability for either non-PanC
with early or late-diabetes from HS.

Diagnostic Performance of Recent
Diabetes-Associated miRNAs Compared
to the CA 19-9
We next evaluate the diagnostic abilities of miR-20b-5p,
miR-18a-5p, and miR-29a to the one achieved by CA 19-9

serum marker to discriminate subjects with early-onset diabetes
from non-diabetic HS, and improvement of the diagnostic
performance achieved by the two biomarkers (i.e., CA 19-9 +

miRNA) with respect to CA 19-9 alone was also assessed. To
pursue these intents, PanC patients and non-PanC controls were
split into two independent subgroups of subjects with early-
onset diabetes.

Data are shown in Table 4. The diagnostic performance of
serumCA 19-9 levels in discriminating PanCwith recent diabetes
from non-diabetic HS (AUC= 0.898, 95%CI= 0.763–1.000) was
similar to the ones achieved by each single miRNA (miR-20b-5p:
AUC = 0.877, 95% CI = 0.811–0.943; miR-29a: AUC = 0.838,
95% CI = 0.738–0.938; miR-18a-5p: AUC = 0.824, 95% CI =
0.741–0.907). In addition, the operating characteristics achieved
by combining each miRNA to the CA 19-9 determinations
(miRNA and CA 19-9 jointly considered) were not significantly
higher than the one achieved by the serum CA 19-9 marker
tested alone.

As for the diagnostic abilities of miRNAs to discriminate

between non-PanC with recent diabetes from the HS without

diabetes, a less than acceptable discriminatory power was

achieved by serum CA 19-9 levels (AUC = 0.700, 95% CI =

0.573–0.827), and by both miR-18a-5p (AUC = 0.774, 95%

CI = 0.639–0.909) and miR-29a (AUC = 0.797, 95% CI =

0.662–0.933). Conversely, the diagnostic performance achieved

by the miR-20b-5p alone was fairly good (AUC = 0.868, 95%
CI = 0.786–0.950), and higher than the one achieved by the
serum CA 19-9 marker tested alone. The SP and PPV values
determined by the ROC curve of miR-20b-5p were higher
than those derived from the ROC curve of the CA 19-9
markers (SP = 81%, PPV = 32.1%, and SP = 40.0%, PPV =
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FIGURE 3 | Receiver operating characteristics (ROC) curve analysis of miR-20b-5p, miR-29a, and miR-18a-5ap in discriminating subjects with early-onset diabetes

(PanC patients + non-PanC controls) from non-diabetic healthy subjects.

15.5%, respectively). The operating characteristics were further
improved by combining the levels of miR-20b-5p with the CA
19-9 determinations: the joint discrimination ability of the two
markers (AUC= 0.900, 95% CI= 0.842–0.958) was significantly
higher than the one achieved by the serum CA 19-9 marker
tested alone (p = 0.003), and the highest discriminatory power
as determined by the ROC curve was reached with the cut-off
value of 0.132 (i.e., relative to predicted probabilities) used to

classify the non-diabetic HS (subjects below the cut-off) and
the non-PanC with recent diabetes (subjects above the cut-off)
Figure 4.

DISCUSSION

Despite the clinical utility of CA19-9 for predicting PanC
survival after surgery and clinical treatment, the use of this
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TABLE 4 | The diagnostic performance of miRNAs and CA 19-9 levels, tested independently and in combination using a logistic regression model, in discriminating either

pancreatic cancer (PanC) or non-PanC controls with recent-diabetes from non-diabetic healthy subjects.

Early- no PanC vs. Non-diabetic HS CA 19-9 miRNA CA 19-9 + miRNA p-value

miR-20b-5p C-statistic (95% CI)* 0.700 (0.573–0.827) 0.868 (0.786–0.950) 0.900 (0.842–0.958) 0.003

Optimal cutoff value§ 35.7 2.6 0.132∧

SE (%) 100% 81.8% 100%

SP (%) 40.0% 81.0% 81.0%

Overall accuracy (%) 45.9% 81.1% 82.9%

PPV (%) 15.5% 32.1% 36.7%

NPV (%) 100% 97.6% 100%

miR-29a C-statistic (95% CI)* 0.797 (0.662–0.933) 0.846 (0.752–0.941) 0.076

Optimal cutoff value§ 63.6 0.142∧

SE (%) 81.8% 81.8%

SP (%) 85.0% 81.0%

Overall accuracy (%) 84.7% 81.1%

PPV (%) 37.5% 32.1%

NPV (%) 97.7% 97.6%

miR-18a-5p C-statistic (95% CI)* 0.774 (0.639–0.909) 0.847 (0.760–0.934) 0.055

Optimal cutoff value§ 12.4 0.152∧

SE (%) 81.8% 81.8%

SP (%) 77.0% 83.0%

Overall accuracy (%) 77.5% 82.9%

PPV (%) 28.1% 34.6%

NPV (%) 97.5% 97.6%

Early-PanC vs. Non-diabetic HS

miR-20b-5p C-statistic (95% CI)* 0.898 (0.763–1.000) 0.877 (0.811–0.943) 0.972 (0.933–1.000) 0.143

Optimal cutoff value§ 110.6 12.0 0.356∧

SE (%) 88.2% 88.2% 88.2%

SP (%) 98.0% 86.0% 98.0%

Overall accuracy (%) 96.6% 86.3% 96.6%

PPV (%) 88.2% 51.7% 88.2%

NPV (%) 98.0% 97.7% 98.0%

miR-29a C-statistic (95% CI)* 0.838 (0.738–0.938) 0.956 (0.894–1.000) 0.140

Optimal cutoff value§ 24.8 0.447∧

SE (%) 94.1% 88.2%

SP (%) 79.0% 99.0%

Overall accuracy (%) 81.2% 97.4%

PPV (%) 43.2% 93.8%

NPV (%) 98.8% 98.0%

miR-18a-5p C-statistic (95% CI)* 0.824 (0.741–0.907) 0.949 (0.880–1.000) 0.145

Optimal cutoff value§ 2.4 0.365∧

SE (%) 94.1% 88.2%

SP (%) 69.0% 98.0%

Overall accuracy (%) 72.6% 96.6%

PPV (%) 34.0% 88.2%

NPV (%) 98.6% 98.0%

CI, confidence interval; SE, sensibility; SP, specificity. PPV, positive predictive value; NPV: negative predictive value. SE. SP. PPV and NPVmeasures were calculated at the optimal cut-offs.
*c-statistics were calculated on the basis of estimated predicted probabilities from logistic models.
§optimal decision threshold for CA 19-9, miRNA expressions and predicted probabilities which jointly.

maximize sensibility and specificity (i.e., max Youden index).
∧optimal decision threshold for predicted probabilities estimated from multivariable logistic models.

#p-values from DeLong test to compare c-statistics for nested models (i.e., CA 19-9 + miRNA vs. CA 19-9 models). Statistically significant results (p < 0.05) are in bold.

tumor marker for diagnostic decision reflects a low positive
predictive value (19–21). Identification of new potential targets
for early PanC could reduce the morbidity rate, and dissecting
recent-onset diabetes as a manifestation of PanC is likely to give

important insights into this issue. Herein, we aimed to uncover
for circulating miRNAs a role in recent diabetes as potential early
manifestation of PanC. The hypothesis is that the recognition of
recent PanC-associated diabetes could enrich the population at
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FIGURE 4 | Receiver operating characteristics (ROC) curve analysis of miR-20b-5p in discriminating non-PanC with recent diabetes from non-diabetic healthy

subjects, compared to the CA 19-9 determinations.

high-risk for PanC development, up to define a marker for the
detection of precocious symptomatic cancer.

Candidate miRNAs associated with recent diabetes were
picked among miRNAs significantly over-expressed in pools
from subjects with recent diabetes compared to either those with
late-onset diabetes and no-PanC controls. After bioinformatic
evaluation miR-29a, miR-20b-5p (increased in pools from
subjects with recent diabetes compared to either those with
late-onset diabetes or no-PanC) and miR-18a-5p (increased
in pools from subjects with early-onset diabetes compared to
no-PanC) were retained for the validation tests. The ddPCR
did not confirm the differential expression of miR-20b-5p and
miR-29a in plasma from subjects with early- and late diabetes
within the validation cohort. However, when PanC patients
and no-PanC controls with recent diabetes were split into two
independent subgroups, the levels of miR-20b-5p and miR-
29a were significantly increased in plasma from PanC patients
with recent diabetes compared to those with late-onset diabetes,
suggesting the potential association between the circulating
levels of miR-20b-5p and miR-29a and the diabetes of recent
diagnosis in PanC. In addition, plasma levels of miR-20b-5p,
miR-29a, and miR-18a-5p were significantly over-expressed in
the validation cohort of subjects with recent diabetes compared
to non-diabetic HS, and persisted in PanC patients and non-
PanC controls with early-onset diabetes split into independent
subgroups. Accordingly, the diagnostic performance achieved by
miR-20b-5p, miR-29a, and miR-18a-5p in distinguishing PanC
with early-onset diabetes from non-diabetic HS was similar
to the ones achieved by each miRNA in discriminating non-
PanC with recent-diabetes from the HS without diabetes. It
is worth to note that the increase of miR-20b-5p and miR-29

levels persisted in PanC patients and non-PanC controls with
late-diabetes compared to the HS in the validation cohort.
However, each miRNA achieved a higher diagnostic accuracy in
distinguishing early-diabetes rather than late-diabetes from the
HS poluation within the PanC patients. These findings suggested
the association between miR-18a-5p and early diabetes, and
highlighted that circulating levels of miR-20b-5p and miR-29
could be useful for identifying early diabetes in PanC, albeit not
as an early manifestation of cancer.

Alterations in circulating levels of miR-18a-5p, miR-20b-5p,
and miR-29a in subjects with recent diabetes compared to non-
diabetic HS were in line with CA 19-9 determinations, thus the
diagnostic abilities of miRNAs were also evaluated in comparison
to the CA 19-9 tumor marker. Serum CA19-9 levels have been
reported to be increased and correlated with glycemic status in
otherwise normal diabetic subjects, whereas the levels of CA 19-
9 in patients with PanC should be interpreted with regard to
both the malignant and the diabetes status (22, 23). Therefore,
to pursue our intent, the cohort of subjects with early-onset
diabetes was split into two independent subgroups including
PanC or non-PanC, respectively. As described in the results
section, the diagnostic performance of serum CA 19-9 levels
in discriminating PanC patients with recent-diabetes from non-
diabetic HS was moderately good (AUC = 0.898), and similar to
the diagnostic power reached by every singlemiRNA. Conversely,
the CA 19-9 determinations achieved a less than acceptable
discriminatory power in differentiating non-PanC with recent-
diabetes from the HS without diabetes (AUC = 0.700), and the
best diagnostic performance was achieved by miR-20b-5p (AUC
= 0.868), with a gain in the specificity value and the positive
predictive value resulting in a lower false-positive rate in respect
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to the determination of the conventional marker (SP = 81%;
PPV = 32.1% and SP = 40.0%; PPV = 15.5%, respectively).
In addition, miR-20b-5p plasma levels in combination with
the CA 19-9 determinations further improved the operating
characteristics compared to the CA 19-9 marker tested alone
(AUC = 0.900; SP = 81%; PPV = 36.7%; p = 0.003). These
findings highlighted for miR-20b-5p an exclusive role as a more
informative marker in distinguishing non-PanC with recent
diabetes from the non-diabetic HS compared to the CA 19-9.

The literature provides evidences of the disruption of miR-
20b-5p, miR-18a-5p, and miR-29a circulating levels in diabetes
(24–29), and a role for these miRNAs in the pathogenesis of the
disease and in the diabetic complications has been documented
(27, 28, 30–33). Conflicting data emerged about the alteration of
miR-20b-5p in blood from diabetic subjects (24–26), and its over-
expression in primary human skeletal muscle cells was reported
to influence both the basal glycogen synthesis and the insulin-
stimulated glycogen accumulation (25). The elevation of miR-
18a-5p levels in blood was found to correlate with the risk of
type 2 diabetes and impaired fasting glucose, and a role for
this miRNA as an independent positive predictor for insulin
resistance has been uncovered (29). Decreased levels of miR-18a-
5p were found in plasma from pre-diabetic individuals without
subsequent diabetes occurrence compared to either those with
normal glucose tolerance or diabetic patients (34). Evidences
also exist about the increase of miR-29a circulating levels in
diabetics and pre-diabetics subjects compared to controls (27,
28), and a positive association between miR-29a and the levels
of the glycated hemoglobin A1c has been previously descrived
(35). This miRNA is involved in the pathogenesis of diabetes
mellitus by influencing the beta-cells proliferation and the insulin
secretion, and a role for miR-29a over-expression in insulin
resistance has been also described (36–38). Over-expression
of miR-29a was also reported to cause a decrease in levels
of the GLUT4 glucose transporter and to play a role in the
regulation of the insulin-stimulated glucose metabolism and lipid
oxidation (39–42).

Our findings on miR-18a-5p and miR-29a were in agreement
with those described in previous studies where miRNA
circulating levels in diabetes were tested by qRT-PCR.
Noteworthy, miR-29a has been previously included in a
panel of six serum miRNAs enabling the discrimination of
PanC patients with diabetes from either healthy controls and
non-cancer diabetics (13). Despite the authors did not associate
to the miR-29a tested alone the potential association between
miRNA and recent diabetes in PanC, our data confirm for
this miRNA a role as biomarker for PanC-associated diabetes.
As for miR-20b, our data were in line with those obtained
by other authors in the exosomes isolated from patients with
type 2 diabetes mellitus (25, 26), while the discordance with
the direction of miRNA alteration reported by Zampetaki
and colleagues might be related to differences in sample
size, in methods used to retro-transcribe the RNA before the
amplification step, or in the overall technologies used for miRNA
quantification (24). Noteworthy, there are evidence that miR-29a
expression levels are increased in skeletal muscle tissue samples
from patients with type 2 diabetes (40). However, no data is

available about miR-20b and miR-18a-5p expression levels in
diabetes related tissue thus we were not able to assert for these
miRNAs whether the circulating levels reflected the levels in
the tissues.

Both miR-20b-5p and miR-29b have been previously linked
also to the PanC. Briefly, high levels of miR-20b-5p in
PanC tissues have been observed in patients treated with the
angiogenesis inhibitor emodin (43). Similarly, the miR-29 family
was widely expressed in PC (44), and played a role in the
response of PanC cells to treatment by inducing resistance
to gemcitabine via activation of the Wnt/β-catenin pathway
(45). Several studies have demonstrated that the function of
miR-29 in cancer both as a tumor suppressor and oncogene
may be context-dependent (46). As to PanC, miR-29a plays an
oncogenic role, as it is up-regulated in PanC cell lines and tissues,
and promotes tumor cell proliferation and the mesenchymal-
epithelial transition phenotype by modulating the expression of
Tristetraprolin (46) the mRNA-destabilizing protein previously
identified as a target of miR-29a (47).

The main findings of this study concern the potential of
circulating miR-20b-5p and miR-29a for identifing early diabetes
in PanC, albeit not as an early manifestation of cancer. We
also highlighted for the first time a role for miR-20b-5p as
a more informative marker in distinguishing non-PanC with
recent diabetes from the HS without diabetes compared to the
CA 19-9. A limitation of this study is its small size and the use
of samples collected in a single center. This implies that our
finding should be replicated in larger cohorts of subjects with
early diabetics and healthy controls. Furthermore, a multicenter
study will represent a more promising strategy to evaluate the
potential clinical significance of miRNA plasma levels in diabetes
of recent diagnosis. In addition, the role of miR-20b in diabetes
remains to be fully elucidated. Thus, functional studies should
be performed to shed light on the miRNA-mediated regulation
of insulin production and secretion, up to the pathways driving
proliferation, survival, and destruction of the β-cell. Another
strength of our study is represented by the fact that the overall
methodology described in our study can be used in future
investigation aimed to identify other miRNAs altered in PanC-
associated diabetes: miRNAs with a role as markers of early,
asymptomatic PanC could be used to implement a screening
strategy based on new-onset diabetes as first filter for PanC
screening program.

In conclusion, although further investigations are needed to
validate the biological mechanism of miR-20b-5p, miR-29a, and
miR-18a-5p in the landscape of early-onset diabetes in patients
with PanC, and to identify miRNAs specifically associated with
recent diabetes caused by PanC, this study highlighted for
circulating miRNAs a role as a potential clues to the identification
of recent diabetes-associated miRNAs in PanC.
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