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Background: There is an urgent need for the development of effective noninvasive bio-
markers for early pancreatic cancer diagnosis. MicroRNAs (miRNAs) are promising candi-
dates that can be identified in peripheral blood and can act as “liquid biopsy” biomarkers.
miR-483-3p is overexpressed in the tumor tissue of pancreatic duct adenocarcinoma, but its
potential as noninvasive biomarker remains unknown.

Methods: We conducted locked nucleic acid in situ hybridization (LNA-ISH) for miR-483-
3p in archival tissues of 107 patients with PDAC. We also used immunohistochemistry to
evaluate SMAD4 expression, the putative miR-483-3p target gene. miR-483-3p expression
level was also assessed using quantitative real-time PCR (qRT-PCR) in serum and serum
exosome samples from 63 patients with PDAC and 22 healthy individuals.

Results: LNA-ISH showed that miR-483-3p was overexpressed in PDAC and PanIN tissues
compared to normal pancreatic duct cells. miR-483-3p expression levels correlated with
increases in PanIN lesion grade. miR-483-3p expression negatively correlated with Smad4
expression (y=—0.770, p<0.0001) in PDAC and PanlN tissues. Circulating miR-483-3p levels
were significantly elevated in the serum and serum exosomes of PDAC patients compared to
healthy controls (p<0.0001 and p<0.01, respectively). Specifically, serum miR-483-3p levels
were able to distinguish patients with early stage (<2cm) PDAC from healthy controls with
an AUC of 0.83 [95% CI, 0.70-0.96]. Higher serum exosomal miR-483-3p levels predicted
worse survival in PDAC patients and serum exosomal miR-483-3p also proved to be an
independent prognostic factor for PDAC (hazard ratio = 3.307; 95% CI=1.104 to 9.903;
p=0.033). In vitro studies also showed that miR-483-3p promoted pancreatic cancer cell
migration and invasion.

Conclusion: miR-483-3p overexpression occurs early in PDAC development and is present
in premalignant PanIN lesions. Serum miR-483-3p may act as an early PDAC diagnostic
biomarker and serum exosomal miR-483-3p may be a PDAC prognostic biomarker.
Keywords: pancreatic ductal adenocarcinoma, exosome, microRNA-483-3p, liquid biopsy,

biomarker

Introduction

Pancreatic cancer is an extremely lethal malignancy and the seventh leading cause
of cancer-related death worldwide.! Pancreatic cancer morbidity increases
each year and the five-year overall survival rate is only 9% in 2019 in the United
States, the worst of all cancer types.? This poor prognosis is often attributed to late
diagnosis, as most of the patients present with advanced disease that is

unresectable.” Because early detection can drastically improve patient outcomes,
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there is an urgent need to develop sensitive and specific
biomarkers for early detection.

Pancreatic ductal adenocarcinoma (PDAC) accounts
for more than 90% of pancreatic cancers and is believed
to arise from noninvasive precursor lesions.* Pancreatic
intraepithelial neoplasia (PanIN) is the most common non-
invasive precursor to PDAC.’ PanINs are microscopic
epithelial neoplasms in the small pancreatic ducts that
exhibit a varying cytological and architectural atypia.
PanINs are classified into three grades based on the degree
of dysplasia: PanIN-1, PanIN-2 and PanIN-3.%’ PanINs
represent a curable stage prior to PDAC development and
are the important targets for early detection.

microRNAs (miRNAs) are short, single strand non-
coding RNAs that
a variety of human cancers.

are frequently dysregulated in
819 miRNAs regulate post-
transcriptional gene expression primarily by binding to
the 3' untranslated region of target messenger RNAs
(mRNAs)."" miRNAs have been implicated as both onco-
genes and tumor suppressor genes in cancer'’ and are
promising non-invasive biomarker candidates. Our team
has reported that miR-483-3p expression is elevated in
tumor tissues of PDAC and a small subset of PanIN
lesions, and is associated with PDAC prognosis."* Up-
regulation of miR-483-3p has been reported in colorectal,
breast, and pancreatic cancers.'* SMAD4 has been identi-
fied as a target gene of miR-483-3p in pancreatic cancer'”
and miR-483-3p has been shown to promote tumor cell

proliferation in cancer in

13,15

pancreatic preclinical
models.

Exosomes are 40-100 nm sized extracellular mem-
brane vesicles that carry bioactive substances such as
mRNA and

miRNA).'*!” Nearly all mammalian cells secrete exo-

lipids, proteins and nucleic acids (ie,
somes, including cancer cells, which mediate cell-to-cell
communication.'®!” miRNAs are thought to be the pivotal
functional molecules carried in exosomes.”’ Increasing
evidence suggests that exosomes play important roles in
cancer biology by carrying miRNA that affects tumor
proliferation, angiogenesis, energy metabolism, pre-
metastatic niche formation and dissemination.?'2® Other
recent studies have also suggested the potential value of
exosomal miRNAs as novel cancer biomarkers in liquid
biopsies.?” >’

In this study, we evaluated the potential for circulat-
ing miR-483-3p to act as PDAC biomarkers that can be
identified via liquid biopsy. We quantified circulating

miR-483-3p expression levels in serum and serum

exosome samples from PDAC patients and healthy con-
trols using TagMan microRNA assays. Additionally, we
analyzed miR-483-3p expression in matched PDAC and
PanIN lesion tissue specimens from patients with PDAC.
We demonstrated that miR-483-3p is overexpressed in
PanIN and PDAC tissues and is significantly elevated in
both serum and serum exosomes of PDAC patients. Our
findings suggest that serum miR-483-3p levels could
serve as a potential liquid biopsy biomarker for early
detection of PDAC. We also found that exosomal miR-
483-3p levels in serum may be a useful PDAC prognos-
tic biomarker.

Materials and Methods
Patients, Tissue Samples, and Serum

Samples

Patients, tissue samples, and serum samples were con-
ducted in accordance with the Declaration of Helsinki.
The approved by the Medical Ethics
Committee of the Peking Union Medical College
Hospital (PUMCH; Beijing, China). A total of 107 con-
secutive formalin-fixed, paraffin-embedded PDAC speci-

study was

mens were retrieved from the archival files of the
Department of Pathology at PUMCH (Table S1). All
cases were reviewed independently by two pathologists
to confirm a diagnosis of PDAC. Multiple hematoxylin-
eosin-stained slides of each case were screened microsco-
pically for PanIN lesions adjacent to PDAC lesions. The
PanIN lesions were classified according to the WHO
3-tiered grading system.® In total, we identified 272
PanIN lesions, which included 117 PanIN-1, 97 PanIN-2,
and 58 PanIN-3. Matched adjacent non-pathologic pan-
creas was available for all cases. The 107 PDAC patients
from whom tissue was collected underwent surgical resec-
tion prior to initial non-surgical treatment at the PUMCH
during a time period from 2013 to 2017. Clinical data were
collected and all patients received follow-up care (follow-
up time 6 to 65 months). Overall survival time was calcu-
lated from the surgical resection date to the death date or
the date of last follow-up. Tumor staging was assessed
using the American Joint Committee on Cancer (AJCC)
8th edition staging system for pancreatic cancer.>
Unstained 5 um sections were cut from paraffin blocks
for additional analysis.

Preoperative serum samples were collected from 63
PDAC patients (from the cohort of 107 patients mentioned
above), as well as 22 healthy controls in 2017 (Table S5).
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All serum samples were stored at —80°C until time of
analysis. All study participants provided informed consent.

In situ Hybridization

LNA-ISH was conducted on archival PDAC and PanIN
lesions with LNA™ probes against miR-483-3p (Exiqon)
according to a previously described protocol.'*> A U6 probe
and scrambled LNA probe were used as positive and nega-
tive controls, respectively. All probes were labeled with
digoxigenin at both the 5’ and 3’ ends. Briefly, the slides
were deparaffinized, digested with proteinase K, fixed in
with 0.1
M triethanolamine. After rinsing in PBS, the slides were

4%  paraformaldehyde, and treated
pre-hybridized without a probe for two hours at 56°C, and
subsequently incubated in hybridization buffer which con-
tained the digoxigenin-labeled LNA™ probe at 56°C for 16
h. After stringent washing with 0.2 x SSC at the hybridiza-
tion temperature, the slides were incubated with blocking
buffer for one hour and reacted with anti-digoxigenin-AP
Fab fragments (1:1000; Roche) overnight at 4°C. The reac-
tion products were visualized using NBT/BCIP Ready-to-
Use tablets (Roche) in the dark for 24 h. Slides were then
stained with 0.1% nuclear fast red and mounted using
mounting medium. Results were analyzed using light
microscopy. The ISH results were scored as 0 (no staining,
negative), 1 [weak or focal staining (ie, <50% cells), posi-
tive], or 2 [strong and diffuse staining (ie, >50% of cells),

positive]."*

Immunohistochemical Staining

Unstained tissue sections were deparaffinized, then boiled
in 0.01 M citric acid buffer (pH 6.0) under high pressure
for 10 min. Slides were then treated with 3% hydrogen
peroxide for 10 min to inactivate endogenous peroxidase.
After incubating with anti-Smad4 antibody (1:150;
ab40759, Abcam) at 4°C overnight, the slides were
washed and labeled with HRP-conjugated anti-rabbit sec-
ondary antibody for one hour at room temperature.
then
diaminobenzidine. The anti-Smad4 antibody was replaced

Staining  was visualized wusing 3, 3'’-
with rabbit serum as negative control.

The immunostaining of PanIN and PDAC lesions was
evaluated independently by two pathologists and
a consensus agreement was obtained for all lesions.
Slides were scored as 0 (negative), 1 (focally positive),
or 2 (diffusely positive) according to the criteria used in
a previous study.>' Normal pancreatic ducts and acini

served as positive internal controls for each slide.

Cell Lines

The human pancreatic cancer cell lines AsPCl and
PANCI1 were recently purchased from the ATCC and not
revalidated for this work. Culture conditions included
DMEM medium (Corning, USA) supplemented with
10% fetal bovine serum.

Exosome Isolation

We extracted exosomes from 200 pL of patient serum
using  ExoQuick™  Serum Exosome Precipitation
Solution (System Biosciences) per the manufacturer’s
instructions. Briefly, serum was thawed on ice and centri-
fuged at 3000 g for 15 min to remove any cells or cellular
debris. 50 pL ExoQuick solution was added into the
200 pL serum sample and mixed thoroughly. The mixture
was kept undisturbed at 4°C overnight and then centri-
fuged at 1500 g for 30 minutes the next day. The super-
natant was then discarded and exosomes were suspended

in 100 uL. PBS (Corning, USA) for analysis.

miRNA Extraction from Serum and

Exosomes

Total RNA (including miRNA) was extracted from 200 pL
of serum or exosomes (isolated from 200 pL serum) using
the MagMAX™ mirVana™ Total RNA Isolation Kit
(Thermo Fisher Scientific, Lithuania), per the manufac-
turer’s protocol. Twenty-five fmol synthetic miRNA spike-
in control (cel-miR-39, RiboBio) was added to each sample
after denaturation to normalize variation between samples
that might be generated during the miRNA extraction and
subsequent quantitative reaction.*” The extracted RNA was
examined using a NanoDrop ND-1000 spectrophotometer
(Thermo Fisher Scientific) to assess the purity and concen-
tration of the RNA.

Quantitative Real-Time PCR

miRNA levels in serum and serum exosome samples were
evaluated via quantitative real-time PCR (qRT-PCR) using
the TagMan MicroRNA Assay (Thermo Fisher Scientific).
First, total RNA was reverse transcribed into cDNA using
a TagMan™ MicroRNA Reverse Transcription Kit (Thermo
Fisher Scientific), per the manufacturer’s instructions.
Quantitative PCR was then performed on an ABI 7500 Real-
time PCR System (Applied Biosystems, CA) following these
cycling conditions: 50°C for 2 minutes (min), then 95°C for
10 min, followed by 40 cycles of 95°C for 15 seconds (sec)
and 60°C for 1 min. The relative expression level of
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miR-483-3p was determined using the 27" method.* The
miRNA spike-in (cel-miR-39) was used as a normalizing
control. Each sample was assayed in triplicate.

In vitro Cell Migration and Invasion Assays
Cells were transfected with an hsa-miR-483-3p mimic or
inhibitor with negative controls (NC) (RioboBio) via
a Lipofectamine 2000 (Invitrogen) reagent, per the manufac-
turer’s instructions. Cell migration and invasion assays were
conducted using 6.5 mm chambers with 8.0 pm pores either
coated or uncoated with Matrigel (Corning). Twenty-four
hours after transfection, cells were added to the upper chamber
and 600 pL growth medium was added to the lower chamber.
Cells were incubated for 24 hours, then fixed with 4% PFA and
stained with 0.1% crystal violet. Cells that migrated to the
lower chamber of the membrane were counted.

Statistical Analysis

The frequency of miR-483-3p or Smad4 expression in PDAC
and PanIN lesions was compared using Pearson’s chi-square
tests or Fisher’s exact tests. P values were adjusted for multi-
ple comparisons. The Mann—Whitney U-test was performed
to compare the serum and exosomal miR-483-3p levels
between two groups. PDAC patients were divided into
“low level” and “high level” groups based on their median
miR-483-3p
Correlations between clinicopathologic parameters and

serum or exosomal expression level.
serum/exosomal miR-483-3p levels were analyzed using
Pearson’s chi-square tests or Fisher’s exact tests. Receiver
operating characteristic (ROC) curves were generated and
the area under the ROC curve (AUC) was calculated to
evaluate the diagnostic potential of serum/exosomal miR-
483-3p levels. Kaplan—Meier analyses and Log rank tests
were performed to compare overall patient survival. Cox
proportional hazards regression analysis was used to assess
the association between multiple risk factors and survival
time and identify prognostic prediction factors. Statistical
analyses were conducted with SPSS Statistics 21.0,
GraphPad Prism 7.0, and Excel. All tests were two-tailed

and P<0.05 was considered statistically significant.

Results
miR-483-3p is Overexpressed in

Precancerous PanIN and PDAC Lesions

We analyzed miR-483-3p expression using LNA-ISH in
formalin-fixed, paraffin-embedded tissue sections of
PanIN and PDAC lesions from 107 patients with PDAC.

In total, we identified 272 PanIN lesions of all histological
grades among the 107 PDAC cases. miR-483-3p was
expressed in 64.1% (75 of 117) of PanIN-1, 84.5% (82
of 97) of PanIN-2, and 96.6% (56 of 58) of PanIN-3
lesions, and 100% (107 of 107) of PDAC lesions.
However, it was not expressed in normal pancreatic
ducts (Table 1, Figure 1).

The percentage of miR-483-3p positive lesions was sig-
nificantly higher in PanIN-2, PanIN-3, and PDAC lesions
compared to PanIN-1 lesions (two-tailed y* test, p=0.001,
p<0.0001, and p<0.0001, respectively) (Table S2). The per-
centage of miR-483-3p positive lesions was also signifi-
cantly higher in PDAC lesions than in PanIN-2 (two-tailed
¥ test, p<0.0001) lesions. In 32 of the 107 cases,
a prominent, graded increase in miR-483-3p staining inten-
sity was observed that corresponded with histological
change from normal duct to PanINs to PDAC. LNA-ISH
results showed that aberrant expression of miR-483-3p is
associated with the development of PDAC. miR-483-3p
expression was up-regulated as early as the PanIN-1 stage
and showed a progressive increase of the expression fre-
quency in PanIN-2/3 lesions and PDAC (Figure 1A, C, E,
G and I). Overexpression of miR-483-3p was observed in
both epithelial cells and adjacent stromal fibroblasts.

Expression of miR-483-3p Negatively
Correlated with That of Smad4 in PDAC

and PanIN Lesions

Prior studies have shown that SMAD4 is a target gene of miR-
483-3p in pancreatic cancer and other cell types.'>*% We
performed immunohistochemical staining of Smad4 on serial
sections from the aforementioned archival tissues. In all 107
cases, normal pancreatic tissue including pancreatic acini,
ducts, and islets of Langerhans showed a strong cytoplasmic
staining pattern for Smad4. Smad4 was expressed in 99.1%
(111 of 112) of PanIN-1, 97.8% (87 of 89) of PanIN-2, and

Table | Frequency of miR-483-3p Expression in PanIN Lesions
and PDAC by LNA-ISH

Group miR-483-3p Expression Total
Negative (-) Positive (+)

PanIN-1 42 (35.9%) 75 (64.1%) 117

PanIN-2 I5 (15.5%) 82 (84.5%) 97

PanIN-3 2 (3.4%) 56 (96.6%) 58

PDAC 0 (0.0%) 107 (100.0%) 107

Total 59 320 379

Notes: Chi-square test, p<0.0001.
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Figure 1 miR-483-3p expression by LNA-ISH and SMAD4 protein expression by immunohistochemistry in PanIN lesions and PDAC tissues. (A) Expression of miR-483-3p
was detected in the cytoplasm of normal pancreatic acini but not in normal pancreatic ducts. An increase in staining intensity for miR-483-3p was observed across the
progression of normal pancreatic ducts to PanIN-1 (D), PanIN-2 (G), PanIN-3 (J) and PDAC (M) lesions. Protein expression of the putative miR-483-3p target gene SMAD4
was detected in normal pancreatic acini and ducts (B), as well as PanIN-1 (E) and PanIN-2 (H) lesions, but decreased in PanIN-3 (K) and PDAC (N) lesions. (C, F, I, L, O)
Hematoxylin and eosin (HE) staining for normal pancreas (C), PanIN-1 (F), PanIN-2 (I), PanIN-3 (L) and PDAC (O).

73.7% (42 of 57) of PanIN-3 lesions (Table S3, Figure 1). In  was significantly higher in PanIN-1/2 lesions compared to
contrast, 53.3% (57 of 107) of PDAC lesions completely lost ~ PanIN-3 and PDAC lesions. (PanIN-1 vs PanIN-3,
Smad4 expression. The percentage of Smad4 positive lesions  p<0.0001; PanIN-1 vs PDAC, p<0.0001; PanIN-2 vs PanIN-
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3, p<0.0001; PanIN-2 vs PDAC, p<0.0001; PanIN-3 vs
PDAC, p=0.001) (Table S4, Figure 1B, D, F, H and J).

miR-483-3p and Smad4 expression were mutually
exclusive in PDAC tissues and the adjacent PanIN lesions,
as well as normal pancreatic ducts. In the 107 PDAC
patients, miR-483-3p and Smad4 protein expression was
negatively correlated in both PanIN and PDAC lesions
(y=—0.770, p<0.0001) (Table S6), which supports the con-
clusion that miR-483-3p expression may inhibit Smad4
during the development of PDAC.

miR-483-3p Promotes Pancreatic Cancer

Cell Migration and Invasion

miR-483-3p has been reported to promote pancreatic can-
cer cell proliferation and colony formation in vitro.'>!
We further examined the effects of miR-483-3p on pan-
creatic cancer cell migration and invasion. We transfected
the pancreatic cancer cell line Panc-1 with a miR-483-3p
inhibitor and control miRNA. We also transfected the
pancreatic cancer cell line AsPCl1 with a miR-483-3p

mimic and negative control miRNA. In Panc-1 cells, the
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miR-483-3p inhibitor significantly suppressed cell migra-
tion and invasion in in vitro transwell assays, relative to
the negative control miRNA (p<0.01, p<0.01; respec-
tively) (Figure 4A). In AsPC1 cells, a miR-483-3p mimic
significantly increased cell migration and invasion in simi-
lar assays, compared to a negative control miRNA
(p<0.01, p<0.01; respectively) (Figure 4B).

Circulating miR-483-3p Levels are Elevated
in PDAC Patients and Can Distinguish
PDAC Patients from Healthy Subjects

Next, we examined the expression of circulating miR-483-
3p in serum samples of 63 PDAC patients and 22 healthy
controls. miR-483-3p level was evaluated in exosomes and
serum using RT-qPCR. Serum and exosomal miR-483-3p
levels were significantly higher in PDAC patients as com-
pared to healthy subjects (p<0.0001 and p<0.01, respec-
tively) (Figure 2A and B). Interestingly, serum and
exosomal miR-483-3p levels were not correlated in
PDAC patients (Figure 2D).
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Figure 2 Relative miR-483-3p expression levels by RT-PCR in serum and serum-derived exosomes from 63 PDAC patients and 22 healthy controls. (A) Serum and (B)
serum-derived exosomal miR-483-3p levels in PDAC patients compared with those in healthy subjects. Mann—Whitney U-test, ** p<0.0001, * p<0.01. (C) Serum exosomal
miR-483-3p levels in grade |, 2, and 3 PDAC patients. Kruskal-Wallis test was used. (D) Relationship of serum and serum-derived exosomal miR-483-3p levels. Linear

regression was used.
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We then assessed the diagnostic potential of miR-483-3p
in PDAC using ROC curves. Serum miR-483-3p levels
could differentiate PDAC patients from healthy subjects
with a ROC curve area (AUC) of 0.81 [95% CI, 0.71-
0.91] (Figure 3A). The sensitivity and specificity were
74.6%, and 77.3%, respectively, with a cut-off value of
1.2839. Importantly, serum miR-483-3p could also distin-
guish PDAC patients with smaller tumors (<2cm) from
healthy controls with an AUC of 0.83 [95% CI, 0.70-0.96]
and the sensitivity and specificity were 85.7%, and 72.7%,
respectively, with a cut-off value of 1.0722. Serum miR-
483-3p had an AUC of 0.79 [95% CI, 0.65-0.93] when
differentiating Stage I PDAC from healthy controls (Figure
3A). With a cut-off value of 1.0722, the sensitivity and

specificity were 72.2%, and 72.7%, respectively.

Exosomal miR-483-3p had an AUC of 0.69 [95% CI, 0.-
58-0.81] (Figure 3A) when differentiating PDAC patients
from healthy controls, indicating that the diagnostic value of
serum miR-483-3p level was greater than that of exosomal
miR-483-3p levels. However, combining serum miR-483-
3p levels with exosomal miR-483-3p levels slightly
improved the diagnostic capability with an AUC of 0.84
[95% CI, 0.76-0.93] (Figure 3A), compared to serum miR-
483-3p levels alone, the combination did not improve the
sensitivity or specificity to identify PDAC patients.

We compared the diagnostic performance of serum miR-
483-3p with CA19-9, a PDAC serum marker widely used in
clinic. In ROC curve analysis, CA 19-9 generated an AUC
value of 0.87 [95% CI, 0.79-0.94] to discriminate PDAC

from healthy controls; and the sensitivity and specificity were
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Figure 3 Diagnostic and predicted performance of circulating miR-483-3p levels. (A—E) ROC curve analysis for circulating miR-483-3p levels. (F-G) ROC curve analysis for
CA 19-9, CA 19-9 combined with serum miR-483-3p level. PDAC, pancreatic ductal adenocarcinoma; N, normal controls. (H-I) Kaplan—Meier survival analysis in PDAC

patients. Log rank test was used.
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Figure 4 miR-483-3p promotes pancreatic cancer cell migration and invasion in vitro. (A) Transwell migration and invasion assays of PANCI cells transiently transfected
with a miR-483-3p inhibitor (Inhibitor) or negative control (NC), as indicated. (B) Transwell migration and invasion assays of AsPCI cells transiently transfected with a miR-
483-3p mimic (Mimic) or negative control (NC), as indicated. Histograms show the quantification of the cells that traversed the chamber in each assay.

76.2%, and 100%, respectively. The AUC values of serum
miRNA-483-3p and the combination of serum and exosomal
miRNA-483-3p were slightly lower than that of CA 19-9.
Combined CA 19-9 and serum miRNA-483-3p levels
yielded an AUC value of 0.94 [95% CI, 0.89-0.99], with
82.5% sensitivity and 95.5% specificity, which showed good
performance to identify PDAC.

Circulating miR-483-3p Levels are
Associated with Clinicopathological

Characteristics and Can Predict Survival
of PDAC Patients

We then performed a correlation analysis to understand the
relationship between circulating miR-483-3p levels and

clinicopathological findings in PDAC. Sixty-three PDAC
patients were divided into two groups on the basis of their
median serum or exosomal miR-483-3p level. We found
that high exosomal miR-483-3p level was significantly
associated with poorer tumor differentiation, higher
N stage, and higher overall stage (p=0.023, p=0.019, and
p=0.022, respectively) (Figure 2C and Table 2). Patients
with poorly differentiated PDAC had higher exosomal
miR-483-3p levels versus patients with well-
differentiated PDAC (p=0.0122). However, no significant
associations were found between tumor size, T stage, age,
gender, and exosomal miR-483-3p expression (Table 2).
Serum miR-483-3p levels also did not significantly corre-
late with any clinicopathologic characteristics.

submit your manuscript

2170

Dove

OncoTargets and Therapy 2021:14


http://www.dovepress.com
http://www.dovepress.com

Dove Shao et al
Table 2 Correlation Between Circulating miR-483-3p Expression and Clinicopathologic Characteristics of PDAC Patients
Variables Patients Number Exosomal miR-483-3p Serum miR-483-3p
High Level Low Level p-value High Level Low Level p-value
Age | |
<65 years 46 23 23 23 23
>65 years 17 9 8 9 8
Gender 0.131 0.45
Male 35 21 14 16 19
Female 28 I 17 16 12
Differentiation 0.023* 0.248
Well 6 0 6 | 5
Moderate 38 20 18 21 17
Poor 19 12 7 10 9
Tumor Size 0.237 0.356
<2 cm 14 5 9 6 8
>2cm 49 27 22 26 23
pT classification 0.085 0.578
pTI 13 4 9 5 8
pT2 29 19 10 15 14
pT3 21 9 12 12 9
pT4 0 0 0 0 0
PN classification 0.019* 0.718
pNO 27 I 16 12 15
pNI 29 14 15 16 13
pN2 7 7 0 4 3
Stage (AJCC) 0.022* 0.443
| 18 8 10 7 Il
1l 37 16 21 20 17
1l 6 6 0 3 3
v 2 2 0 2 0

Notes: Chi square test or Chi-square test, ¥p<0.05.

To determine whether circulating miR-483-3p levels
could predict patient outcomes after pancreatic resection,
we performed Kaplan—Meier survival analysis. Overall
survival (OS) was significantly worse in patients with
high exosomal miR-483-3p levels (at or above the median)
compared to patients with low levels (below the median)

(follow-up time 6 to 65 months, p=0.0064; Log rank test)
(Figure 3B). In contrast, serum miR-483-3p levels showed
no association with patient outcome (Figure 3B).
Univariate Cox regression analysis revealed that worse
survival outcomes were significantly associated with
tumor size (>2.0cm), overall stage (>I), and high exosomal
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Table 3 Multivariate Analysis of Circulating miR-483-3p Levels
and Other Clinicopathologic Factors in PDAC Patients

Variable Multivariate Analysis
Hazard 95% CI p-value
Ratio
Tumor Size (> 2.0cm) 5.067 0.650 to 39.522 0.122
Stage (> 1) 3.350 0.756 to 14.837 | O.111
Exo miR-483-3p level 3.307 1.104 to 9.903 0.033
(High)

miR-483-3p level. Furthermore, multivariate Cox analysis
demonstrated that high exosomal miR-483-3p level was an
independent prognostic indicator for PDAC patients
(HR=3.307; 95% CI=1.104 to 9.903; p=0.033) (Table 3).

Discussion

The survival rate of patients with PDAC has shown mini-
mal improvement over the last three decades.*® An impor-
tant limiting factor is that most patients are asymptomatic
or have non-specific symptoms in early stages of PDAC
development. Identifying molecules involved in the early
stages of pancreatic cancer pathogenesis can potentially
help develop diagnostic and prognostic liquid biopsy bio-
markers that can improve pancreatic cancer patient
outcomes.

In this study, we show that miR-483-3p is frequently
overexpressed in noninvasive PanIN lesions as well as
invasive PDAC, yet its expression is absent in almost all
normal pancreatic ductal epithelia. Overexpression of
miR-483-3p occurred as early as at the PanIN-1 lesion
stage. Other dysregulated miRNAs previously reported in
pancreatic cancer precursors ' -° have exhibited a similar
pattern as miR-483-3p expression, which gradually
increases as histological atypia of PanINs increases,
while the putative miR-483-3p target gene SMAD4 pro-
tein expression is gradually lost.

PanINs are well-studied noninvasive precursors of
PDAC. Although most PDAC lesions arise from PanINs,
there are no effective approaches to detect these lesions
because of their microscopic size. We previously reported
that miR-483-3p expression was differentially upregulated
in PDAC tissues as well as in a small subset of PanIN
lesions when compared to normal pancreatic tissues.'
This study confirms our earlier findings in a large, inde-
pendent set of cases where we again found increased miR-
483-3p expression in PanIN lesions. Together these data

suggest that miR-483-3p overexpression occurs as an early
event in PDAC tumorigenesis, which may be an early,
identifiable pancreatic cancer biomarker.

Over the last decade, large efforts have been made to
study the expression pattern of circulating miRNAs in
a variety of cancers.*** Circulating miRNAs have also
become a central focus in the field of liquid biopsies as
cell-free miRNAs are remarkably stable in various bio-
fluids, including blood.*> In blood, circulating miRNAs
are ecither encapsulated in extracellular vesicles (eg, exo-
somes) or combined with protein complexes (eg, argo-
naute-2 or high-density lipoprotein).***° Most studies
have focused on total cell-free miRNAs in circulation,
rather than the exosomal miRNAs yet recent studies have
suggested that the majority of circulating miRNAs are
concentrated in exosomes.”

We found that miR-483-3p was detectable in serum
and serum exosomes from PDAC patients. miR-483-3p
levels were significantly elevated in both serum and circu-
lating exosome samples of PDAC patients compared to
healthy controls. Comparatively, serum samples had
a greater increase in miR-483-3p level compared to exo-
somes, with a better AUC value that could help discrimi-
nate PDAC patients from healthy subjects. We also found
overexpression of miR-483-3p in PDAC tumor tissue
which decreased in circulation after tumor resection, indi-
cated that circulating miR-483-3p likely originates from
PDAC cancer cells.

Serum miR-483-3p levels showed better diagnostic
value for PDAC than circulating exosomal miR-483-3p,
as supported by the relatively high AUC value of 0.81.
The AUC value of serum miR-483-3p (0.81) in ROC
comparable to that of CA19-9 (0.87),
of PDAC.
Combining serum and exosomal miR-483-3p levels
increased the AUC value to 0.84. Serum miR-483-3p
levels in early-stage PDAC (<2 cm) could be used to

curve was

a conventionally used tumor marker

distinguish these patients from healthy subjects, with
AUC value of 0.83. Thus, circulating miR-483-3p has
the potential to be utilized as a non-invasive liquid bio-
marker for early diagnosis of PDAC.

While serum miR-483-3p levels may serve as a PDAC
diagnostic marker, high exosomal miR-483-3p expression
was significantly correlated with increasing PDAC histo-
logical grade, high N-stage, and advanced overall clinical
stage. These relationships may indicate that exosomal
miR-483-3p expression is part of PDAC pathogenesis
and the relationship with high N-stage may indicate that
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miR-483-3p contributes to PDAC metastatic potential.
However, consistent with a previous study,”’ we observed
that serum miR-483-3p expression did not correlate with
any clinicopathologic features.

Furthermore, our study suggested that serum exosomal
miR-483-3p level could serve as a prognostic biomarker
for PDAC as Kaplan—Meier analysis showed high levels of
exosomal miR-483-3p in serum is correlated with signifi-
cantly worse PDAC patient survival. Multivariable Cox
regression analysis also showed that high exosomal miR-
483-3p level in serum is an independent prognostic factor
for PDAC patients.

miR-483-3p has been shown to promote cell prolifera-
tion and colony formation in pancreatic cancer cells by
targeting SMAD4,'> a key tumor suppressor genes
involved in pancreatic cancer pathogenesis.’® In this
study, we found that miR-483-3p expression was inversely
correlated with Smad4 protein expression in tissue sam-
ples of PDAC, consistent with a previous report.'> This
inverse correlation was also identified in PanIN lesions.
These observations suggest that miR-483-3p may exert
oncogenic functions in the early pathogenesis of PDAC
through down-regulation of SMAD4. Our observation that
serum exosomal miR-483-3p levels were significantly
associated with N stage led us to hypothesize that miR-
483-3p may affect the migration and invasion potential of
pancreatic tumor cells. We tested this in vitro and found
that miR-483-3p promoted cell migration and invasion in
transwell assays. These findings are consistent with known
functions of the putative miR-483-3p target SMAD4>*->*
and further suggest that miR-483-3p may play a key role
in PDAC progression.

There are two limitations in our studies. First, we have
not included sera samples from chronic pancreatitis (CP)
patients. CP is an important differential diagnosis of
PDAC, which share similar clinical manifestation to
PDAC. Second, the sample size is relatively small in our
study.

In conclusion, we found that abnormal miR-483-3p
overexpression occurs early in the premalignant PanIN
lesions. We also provide evidence that serum miR-483-
3p is a potential liquid biopsy marker for early detection of
PDAC and serum exosomal miR-483-3p could potentially
be used as a prognostic indicator of PDAC patient survi-
val. Large-scale prospective multicenter studies are needed
to further validate the potential of circulating miR-483-3p
as PDAC biomarker.
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