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Abstract

Sampling of bile juice during endoscopic retrograde cholangiopancreatography (ERCP)
has potential benefit of being amenable to the identification of novel biomarkers in
liquid biopsy. This study reports the results of a global investigation of exosomal mi-
croRNAs (miRNAs) in bile to identify potential biomarkers for biliary tract cancers
(BTCs). Eighty-eight bile samples collected during ERCP (45 BTC and 43 noncancer
control samples) were enrolled in this study. Eleven BTC samples and nine control
samples were assigned as the discovery set. Exosomes in bile and serum samples were
collected using a glass membrane column with size-controlled macroporous glass
(MPG), and exosomal miRNA expression profiles were evaluated using comprehen-
sive miRNA microarray analysis (3D-Gene). For validation, exosomal miRNA in the
bile samples of 34 BTCs and 34 controls were comprehensively evaluated using 3D-
Gene. In the discovery set, eight exosomal miRNAs in bile were identified as signifi-
cant aberrant expression markers, while no miRNA with aberrant expression in serum
was identified. In a comparison of the discovery and validation sets, miR-451a and
miR-3619-3p were identified as reproducible upregulated markers, and the combina-
tion of the two bile miRNAs showed an excellent area under the curve (0.819) value
for diagnosing BTCs. In addition, high miR-3619-3p expression in bile reflects poorer
prognosis of BTCs (hazard ratio = 2.89). The MPG-extracted exosomal miRNAs in
bile aspirated during ERCP provide a convenient new approach for diagnosing biliary

diseases. Bile-derived miRNA analysis with miR-451a and miR-3619-3p represents a

Abbreviations: AGC, advanced glass membrane column; AUC, area under the ROC curve; BTC, biliary tract cancer; CA19-9, carbohydrate antigen 19-9; CBD, common bile duct; CCA,
cholangiocarcinoma; Cl, confidence interval; Ct, cycle threshold; CTRL, control; dCCA, distal cholangiocarcinoma; ERCP, endoscopic retrograde cholangiopancreatography; GBC,
gallbladder cancer; HR, hazard ratio; miRNA, microRNA; MPG, macroporous glass; PC, pancreatic cancer; pCCA, perihilar cholangiocarcinoma; qRT-PCR, quantitative real-time RT-PCR;

ROC, receiver operating characteristic; T-bil, total bilirubin; UC, ultracentrifugation.
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potentially valuable diagnostic strategy for identifying BTCs as well as a predictive

indicator of BTC prognosis.

KEYWORDS

bile, biliary tract cancer, exosome, liquid biopsy, miRNA

1 | INTRODUCTION

Biliary tract cancers are highly heterogenous malignancies derived
from bile duct cells, and consist of CCA and GBC. In addition, CCA
is anatomically classified into intrahepatic CCA and extrahepatic
cholangiocarcinoma, followed by subclassification as pCCA and
dCcA.s Despite the recent development of outstanding diag-
nostic imaging tools, such as computed tomography and MRI,*
imaging-based differential diagnosis of BTCs remains challenging.
Moreover, the acquisition of tissue samples from the primary tar-
get could provide pathological evidence for differential diagnosis.
Endoscopic retrograde cholangiopancreatography is an acknowl-
edged approach for direct access to gallbladder and biliary tract
diseases. Moreover, the use of brush cytology and intraductal bi-
opsies from the bile duct during ERCP are considered ideal meth-
ods to obtain a tissue diagnosis. However, because of the nature
of biliary systems, which are anatomically narrow and long tube-
like structures opening to the duodenum, these methods fall short
of satisfactory outcomes for adequate diagnosis.> Thus, new ap-
proaches for differential diagnosis of bile tract diseases are ur-
gently required.

In recent years, liquid biopsy has drawn attention by providing
opportunities for cancer detection in various body fluids, such as pe-
ripheral blood and urine. Bile juice is a specific fluid that is secreted
from the liver and drains into the duodenum through the bile ducts,
and it plays a special role in the emulsion of lipids to facilitate fat
digestion. As a microenvironment for the development of tumors in
the biliary tract, bile is expected to contain abundant tumor-related
factors directly secreted from the primary tumor compared to pe-
ripheral blood. Sampling of bile juice during ERCP is a simple but not
widely used method, and could represent an additional approach for
biological-based diagnosis.

Many studies have shown that exosomes can be utilized as ap-
propriate and highly specific biomarkers in liquid biopsy. Exosomes
are small vesicles of 30-100nm in diameter that are secreted from
cells, and are considered to deliver diverse contents including DNA,
protein, and miRNAs to target cells.® MicroRNAs are small noncod-
ing RNAs approximately 19-25ntin length, which act as translational
suppressors by regulating protein-coding genes.7'8 The aberrant ex-
pression of miRNAs necessitates close attention for the identifica-
tion of novel clinical biomarkers for various diseases.

In this study, we aimed to determine a global analysis of exoso-
mal miRNAs in ERCP-based collection of bile juice to identify poten-
tial biomarkers for BTCs.

2 | MATERIALS AND METHODS

2.1 | Patients and study design
From September 2016 to December 2021, bile and serum samples
were prospectively collected at four Japanese institutions (Nagoya
City University Hospital, Nagoya City West Medical Center, Gifu
Prefectural Tajimi Hospital, and Toyokawa City Hospital). In total,
44 patients with BTC were initially enrolled in this study. In ad-
dition, 44 samples of sex- and age-matched noncancer controls
were randomly selected from our bile bank containing 189 non-
cancer patients. Patients with BTCs (BTC group) were histologi-
cally confirmed to have adenocarcinoma using endoscopic biopsy
or surgical specimen. Patients who underwent ERCP for biliary
benign diseases were enrolled as the control (CTRL group). To ex-
clude contamination of bile samples with infection or hemorrhage,
patients with apparent cholangitis or hemobilia were excluded in
this study. In addition, to exclude possible contamination of bile
samples with reflux enteric fluid, patients with naive papilla with-
out previous endoscopic procedures were enrolled in this study.
All patients in the CTRL group were carefully screened for evi-
dence of neoplasms by a follow-up care check. Originally, among
the 88 total samples, 10 BTC samples and 10 noncancer control
samples were assigned to the discovery set. The follow-up care
check revealed that one case with CBD stones in the CTRL group
of the discovery set had GBC following cholecystectomy for gall-
bladder stones; this case was subsequently assigned to the BTC
group of the discovery set. After the discovery analysis, 34 BTC
samples and 34 noncancer control samples were assigned to the
validation set (Figure 1).

The ethics committee at each institution approved our study
protocol (#60-16-0069), which conformed to the ethical guidelines
of the 1975 Declaration of Helsinki (6th revision, 2008). Each patient

provided written, informed consent for this study.

2.2 | Samples

Bile samples were obtained by ERCP. Bile samples (1-5 ml) were
aspirated after cannulation to the bile duct without contrast agent
injection. Following collection, the samples were centrifuged at
2000¢g for 10 min to remove debris. One milliliter of the collected
bile samples was used for the following analysis. Peripheral blood
was collected for serum samples on the same day as bile sampling.



YOSHIDA ET AL.

FIGURE 1 Flowchart of the study,
which included 44 samples each from
biliary tract cancer (BTC) and control
(CTRL) patients. *Cholecystectomy for
gallbladder stones revealed the presence
of gallbladder cancer in one case with
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Serum was separated by centrifugation at 1500g for 5 min. The
purified samples were stored at -80°C until use. All patients with
BTCs were classified based on TNMs staging and the UICC ver-
sion 8.

2.3 | Exosome collection and miRNA extraction
using the AGC device

To collect exosomes efficiently from a limited volume liquid sample,
we utilized an AGC device in this study, as has been published previ-
ously.9 One milliliter of the liquid samples, that is, bile juice, serum,
and cell culture supernatants, was filtered through a 0.22 pum filter;
200yl of the filtered samples was transferred to the upper part of
the AGC device and centrifuged at 6000g for 5 min. Total RNA was
then isolated from the exosomes captured in the AGC device using a

miRNeasy Serum/Plasma kit (Qiagen).

2.4 | MicroRNA array analysis

Extracted RNA was measured by capillary electrophoresis using a
2100 Bioanalyzer (Agilent Technologies). A comprehensive miRNA
microarray analysis was performed using a 3D-Gene Human miRNA
Oligo Chip version 21 (Toray Industries, Inc.). The miRNA signal val-
ues were normalized using a global normalization method. To iden-
tify robust miRNAs, average signal values with a normalized signal
value exceeding 100 in either/or group were selected, as previously

reported.lo’11

2.5 | Overall survival using the Kaplan-
Meier estimator

Based on the median expression value of miRNAs as the cut-off
value, the 45 BTC patients in this study were classified to either a
high expression group (n = 22) or a low expression group (n = 23).

Survival was estimated using the Kaplan-Meier method, and the
survival distributions in association with each miRNA expression

were compared between the two groups using the log-rank test.

2.6 | Quantitative real-time RT-PCR

In an in vitro study, exosomes were also isolated from cell culture
supernatants using the AGC device, as mentioned above. Total
RNAs including miRNAs in exosomes were purified with a miRNeasy
Serum/Plasma kit (Qiagen) following the manufacturer’s instructions.
Specifically, total RNA was extracted from 2 ml of the supernatant
from each subject, to which 1.6x10® copies of Caenorhabditis ele-
gans cel-miR-39-3p (cel-miR-39-3p) was added as spike-in RNA for
subsequent normalization, and total RNA was then eluted from each
column with 20pl nuclease-free water. The concentration of total
RNA was quantified using a NanoDrop 2000c spectrophotometer
(Thermo Fisher Scientific).

MicroRNA levels were determined by gqRT-PCR with StepOnePlus
(Thermo Fisher Scientific) and TagMan MicroRNA Assays: hsa-miR-
451a (assay ID 001141), hsa-miR-3619-3p (assay ID 464743), and
cel-miR-39-3p (assay ID 000200; Thermo Fisher Scientific). Two mi-
croliters of total RNA was subjected to reverse transcription with
a TagMan MicroRNA Reverse Transcription Kit (Thermo Fisher
Scientific) and the respective TagMan MicroRNA Assay reagents for
the target molecules, in a total volume of 15pl, followed by qRT-PCR
in a total volume of 20pl, according to the manufacturer’s protocol.
Amplification was carried out as follows: 95°C for 10 min, 45cycles
at 95°C for 15s, and 60°C for 60s. All reactions were carried out
in duplicate. Cycle threshold values were calculated using StepOne
Software version 2.3 (Thermo Fisher Scientific). Expression levels of
miRNAs were normalized to those of the spike-in cel-miR-39-3p. The
expression levels were determined by the 272 method, in which
AC, was calculated as: AC, = C, (miRNA [miR-451a and miR-3619-3p]
- C, [cel-miR-39-3p]). The relative expression levels were calculated
based on the expression level of MMNK-1. These experiments were
undertaken as four independent procedures.
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2.7 | Statistical analysis
The Mann-Whitney U-test, Student’s t-test, and X2—test were used
to identify significant differences as appropriate. In terms of the sta-
tistical analysis of the microarray, the data were globally normalized
per array, and the significantly differentially expressed miRNAs were
obtained by comparing the BTC groups with the CTRL groups using
a t-test. Receiver operating characteristic curve analysis was used
to calculate the AUC for each biomarker, and the AUC value with a
95% Cl was shown as the representative value. Logistic regression
models were used to estimate the HR with 95% CI. All of the sta-
tistical analyses were undertaken using JMP software (version 16;
JMP Statistical Discovery). Differences were considered statistically
significant at p <0.05. Data are expressed as the mean+SD.
Fundamental materials and methods (cell cultures, western blot

analysis, and ELISA) are described in Document S1.

3 | RESULTS

3.1 | Exosomal RNAs in bile

To confirm the captured exosomes and exosome RNAs by the AGC
device, we first quantified the exosomes by western blotting. In ad-
dition, standard exosome markers, CD9 and CDé63, were detected
by a CD9/CDé3 ELISA kit to quantify the exosomes, as previously
reported.9 Subsequently, the amount of RNA in exosomes was
quantified. As shown in Figure 2A, three independent samples pro-
cessed from the bile of three BTC patients using the AGC device
were confirmed to contain clearly significant amounts of exosomes.
Moreover, it was shown that the processed bile contained a signifi-
cantly greater quantity of RNA than the serum (median, 13.314 vs.
0.533ng/ul, p <0.001) in the discovery set (Figure 2B). We also in-
vestigated the relationship between cholestasis and the quantity of
exosomal RNA in bile, using regression analysis. This analysis showed
that the amount of RNA in bile did not show any positive correlation
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with T-bil level that indicates the status of cholestasis within the
same disease group (BTC: r? = 0.0114, p = 0.485; CTRL: r> = 0.0001,
p = 0.941; Figure S1). These data showed that bile exosomes could
be appropriately collected and the exosomal miRNAs in bile were
more abundant compared to the serum, which were independent of
the status of cholestasis, and it was considered suitable for the fol-

lowing miRNA analysis.

3.2 | Clinical characteristics of study participants
Clinical and laboratory characteristics of all patients enrolled in this
study are shown in Tables S1 and S2, and a summary of the patient
characteristics is given in Table 1. Age, sex, comorbidity (history of
hyperlipidemia), and markers for systemic inflammation (white blood
cell count, C-reactive protein) did not significantly differ between the
BTC and CTRL groups. Compared to the CTRL group, T-bil was signif-
icantly increased in the BTC group of both the discovery (5.82 +3.85
vs. 1.56+0.83mg/dl, p = 0.002) and validation sets (6.88+5.47 vs.
1.24+0.73mg/dl, p<0.001). In terms of the tumor markers, CA19-9
was significantly higher in the BTC group of the validation set than
in the CTRL group (410.7 +686.4 vs. 19.5+12.9 U/ml, p<0.001), as
expected.

33 |
in bile

Discovery analysis for miRNA expression

To identify bile miRNA biomarkers, we first undertook a compre-
hensive miRNA microarray analysis using a 3D-Gene Human miRNA
Oligo Chip to compare bile miRNA expression levels of the BTC
group (n = 11) and CTRL group (n = 9) in the discovery set. Among
2632 miRNAs examined, we focused on miRNAs that showed a log2-
fold change of 21 with mean signal intensity of 2100, as previously
reported.’® Among 403 miRNAs with a normalized mean signal
value of 2100, eight upregulated miRNAs (miR-451a, miR-6835-5p,

p <0.001

T

Bile Serum

FIGURE 2 Exosome extraction from bile and exosomal RNAs in bile. (A) Exosomes captured by the advanced glass membrane column
device. Upper panel, Immunoblotting showing the CD9 expression in three independent bile samples of biliary tract cancer patients. Lower
panel, Standard exosome markers, CD9 and CDé63, were detected by a CD9/CDé63 ELISA kit to quantify the exosomes. (B) Concentration of
total RNA purified from captured exosomes in bile and serum was calculated using the discovery set samples (n = 20).
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TABLE 1 Characteristics of patients with biliary tract cancers (BTC) or controls (CTRL)

Discovery set n=20
BTC CTRL

Variable n=11 n=9
Age (years)

Median (range) 77 (61-88) 74 (66-84)
Sex

M:F 74 5:4
Disease

dCCA N/A

GBC 4 N/A

pCCA N/A

CBD stone N/A 9

SOD N/A 0
Comorbidity

HL 3(27.3%) 4 (44.4%)

WBC, /pl 6800+2465 5288+1584

CRP, mg/dI 2.08+1.44 1.09+1.00

T-bil, mg/dI 5.82+3.85 1.56+0.83

CEA, ng/ml 4.44+3.70 2.81+1.77

CA19-9, U/ml 1877.4+5212.0 118.8+262.8
Stage

| 1 N/A

1l 5 N/A

11 2 N/A-

\% 3 N/A-

Validation set n=68

BTC CTRL
p value n=234 n=234 p value
0.676 75.5 (40-97) 73.5 (40-90) 0.792
0.535 25:9 25:9 1.000
N/A 19 N/A N/A
N/A 8 N/A N/A
N/A 7 N/A N/A
N/A N/A 32 N/A
N/A N/A 2 N/A
0.423 10 (29.4%) 11 (32.4%) 0.793
0.068 6467 +2262 6485+1640 0.536
0.087 1.70+1.91 1.68+1.80 0.995
0.002 6.88+5.47 1.24+0.73 <0.001
0.323 5.83+12.86 2.33+1.05 0.051
0.087 410.7 +686.4 30.97+34.24 0.002
N/A- 3 N/A N/A-
N/A 18 N/A N/A
N/A 5 N/A- N/A-
N/A- 8 N/A- N/A

Abbreviations: CA19-9, carbohydrate antigen 19-9; CBD, common bile duct; CEA, carcinoembryonic antigen; CRP, C-reactive protein; dCCA, distal
cholangiocarcinoma; F, female; GBC, gallbladder cancer; HL, hyperlipidemia; M, male; N/A, not applicable; pCCA, perihilar cholangiocarcinoma; SOD,
sphincter of Oddi dysfunction; T-bil, total bilirubin; WBC, while blood cell.

The italic values, statistically significant.

miR-6826-5p, miR-3619-3p, miR-5195-3p, miR-514b-5p, miR-4442,
and miR-4675) were identified as significant differential expression
markers with a log2-fold change of 21 in the BTC group (Table 2).

3.4 | Comparative analysis between bile and serum
samples by miRNA microarray

To compare miRNA profiles of bile and serum samples in the same
cohort, we also undertook a microarray analysis using the serum
samples obtained on the same day as the bile collection to compare
serum miRNA expression levels of the BTC and CTRL groups. In
the analysis of serum samples, none of the eight miRNAs from the
bile analysis showed a log2-fold change of 21 between the BTC and
CTRL groups (Table 2). Furthermore, none of the other miRNAs were
identified as differential expression markers with a log2-fold change
of 21 between the two groups (Table S3). These data indicated that
for BTCs, miRNA analysis using bile samples showed significant dif-
ferences that were not observed in the serum analysis.

3.5 | Validation analysis of bile miRNAs by
miRNA microarray

To validate the specificity of bile miRNAs as diagnostic biomarkers
of BTCs, we evaluated bile miRNA expression levels in the valida-
tion set (BTC group, n = 34; CTRL group, n = 34) by microarray
analysis with 2632 miRNAs. Among 354 miRNAs with a normal-
ized mean signal value of 2100, five upregulated miRNAs (miR-
451a, miR-21-5p, miR-3619-3p, miR-6778-5p, and miR-1246) and
one downregulated miRNA (miR-5189-5p) were identified as sig-
nificant differential expression markers between the two groups
(Table 3). Intriguingly, in a comparison of the discovery and vali-
dation analyses, miR-451a and miR-3619-3p were identified as
reproducible upregulated markers (miR-451a: log2-fold change,
4.31,p<0.001; miR-3619-3p: 1.74, p = 0.001). These two miRNAs
showed significant differences between the BTC and CTRL groups
in the ROC analysis: miR-451a, AUC = 0.746 (95% Cl, 0.613-
0.844); and miR-3619-3p, 0.726 (0.584-0.833). The combination
of the two miRNAs showed excellent AUC (0.819, 0.692-0.902),
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TABLE 2 Bile and serum exosomal microRNA (miRNA) expression in the discovery set of 11 biliary tract cancer (BTC) samples and nine

control (CTRL) samples

Bile exosomal miRNAs

Serum exosomal miRNAs

Relative expression Relative expression Expression
level Expression intensity level intensity
Name (BTC/CTRL, log2) p value BTC CTRL (BTC/CTRL, log2) p value BTC CTRL
High: 8 miRNAs
hsa-miR-451a 5.16 0.005 311 9 -0.55 0.592 152 223
hsa-miR-6835-5p 2.38 0.018 242 46 0.78 0.014 69 40
hsa-miR-6826-5p 1.99 0.012 690 174 0.39 0.164 116 89
hsa-miR-3619-3p 1.66 0.049 660 209 0.17 0.586 202 179
hsa-miR-5195-3p 1.44 0.019 344 127 0.3 0.547 89 72
hsa-miR-514b-5p 1.25 0.001 102 43 -0.01 0.87 46 46
hsa-miR-4442 1.23 0.002 1977 841 0.26 0.406 600 502
hsa-miR-4675 1.23 0.019 500 213 0.32 0.283 132 106
Low: O miRNA
None
The italic values, statistically significant.
Expression TAB LI% 3 ’ Bile exo'som.al miRNA .
intensity expression in the Ya|ldatI9n se.:t. of bile
Relative expression level - samples of 34 patients with biliary tract
Name (BTC/CTRL, log2) p Value BTC CTRL cancer (BTC) and 34 controls (CTRL)
High: 5 miRNAs
hsa-miR-451a 4.31 0.000 396 20
hsa-miR-21-5p 1.95 0.001 112 29
hsa-miR-3619-3p 1.74 0.001 855 256
hsa-miR-6778-5p 1.34 0.004 747 295
hsa-miR-1246 1.06 0.014 1474 708
Low: 1 miRNA
hsa-miR-5189-5p -1.43 0.01 59 159

Abbreviation: miRNA, microRNA.

which was higher than that of the tumor markers CA19-9 (0.762,
0.612-0.867) and carcinoembryonic antigen (0.662, 0.501-0.793;
Figure 3).

3.6 | Correlation of bile exosomal miR-451a and
miR-3619-3p with clinical features of BTC patients

We next analyzed the association between bile exosomal miR-
451a/miR-3619-3p and the clinical status of BTC patients. The
median expression level of each miRNA was used as the cut-off
point to divide the 45 BTC patients into two groups: high expres-
sion (n = 22) and low expression (n = 23; Table 4). In the miR-451a
analysis, no significant difference was noted between these two
groups in age, sex, tumor site, or clinical stage. However, a majority
of patients in the high expression group underwent palliative care

without operative treatment or chemotherapy, a majority of pa-
tients in the low expression group underwent operative treatment
for BTCs, and a significant treatment difference was observed
(p = 0.03). In the miR-3619-3p analysis, no significant difference
was noted between these two groups for the parameters of age,
sex, or tumor site. However, a significant difference in clinical stage
between the two groups was observed for miR-3619-3p (p = 0.03).
Thirteen of the high miR-3619-3p expressing patients were in ad-
vanced (Il or IV) stages (59.1%), while nine were in an earlier (I or I1)
stage (40.9%). In contrast, the low miR-3619-3p group consisted of
17 patients in the I/1l stage (73.9%) and six in IlI/1V stages (26.1%).
MicroRNA-3619-3p showed the exact same tendency as miR-451a
in terms of medical treatment (p = 0.03). Overall survival is shown
in Figure 4. For miR-3619-3p, the high expression group showed
significantly poorer prognosis than the low expression group
(HR = 2.89; 95% Cl, 1.25-6.86; p = 0.010), whereas miR-451-a
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FIGURE 3 Receiver operating characteristic (ROC) curves in the validation set of patients with biliary tract cancer (BTC) and controls
(CTRL). (A) Ability of each microRNA (miR-451a and miR-3619-3p) and their combination to distinguish between BTC and CTRL samples
in the validation set. (B) Ability of tumor markers (carcinoembryonic antigen [CEA] and carbohydrate antigen 19-9 [CA19-9]) to distinguish
between BTC and CTRL samples in the validation set. (C) ROC analysis was used to determine the area under the ROC curve (AUC). Cl,

confidence interval.

did not show a difference between the high and low expression
groups (HR = 1.05; 95% Cl, 0.43-2.40; p = 0.920). Collectively,
these results suggest that high miR-3619-3p expression in bile is
more prevalent in advanced stages of BTCs and reflects poorer

prognosis of BTCs.

3.7 | Additional validation analysis with cell lines

We undertook additional in vitro analyses to further validate the
miRNA biomarkers from BTCs. Using the conditioned media from
BTC cell lines and a normal biliary duct epithelial cell line, we in-
vestigated expression levels of miR-451a and miR-3619-3p in ex-
osomes released from these cells. Compared to MMNK-1 (relative
expression level, 1.00 +0.98), which is a normal bile duct epithelial
cell line, miR-451a was significantly more abundant in the cell cul-
ture supernatant of the two BTC cell lines HuCCT-1 (4.25+2.90,
p<0.05) and SSP-25 (5.96+3.85, p<0.05).
3619-3p showed significantly greater levels in SSP-25 (2.98 +0.65
vs. 1.00+0.33, p<0.01) and TFK-1 (7.98+5.11 vs. 1.00+0.33,
p<0.05) (Figure 5). These results revealed that miR-451a and

miR-3619-3p are more abundant in exosomes from BTC cell lines

Moreover, miR-

compared to the normal bile duct cell line, which supported the

observation from the bile analysis.

4 | DISCUSSION

For biliary diseases, ERCP has significant advantages, enabling not
only examination by direct imaging but also sampling of cells for cy-
tologic assessment. However, cell sampling from the biliary target re-
mains challenging in light of the anatomical nature of biliary systems,
that is, the accurate diagnosis of malignancy in patients with primary
sclerosing cholangitis and IgG4-related sclerosing cholangitis is
more challenging. For endoscopists, these current limitations have
motivated the investigation of bile juice, obtained during ERCP, as a
possible liquid biopsy, which is expected to contain abundant factors
sourced directly from the primary cancer site compared to periph-
eral blood samples. Indeed, the data presented herein showed that
bile contains more abundant RNAs stably capsulized in exosomes
than serum, an encouraging indicator that the analysis of exosomal
miRNAs in bile could enable the discovery of novel biomarkers for
BTCs. In this study, the independent comprehensive investigation
with discovery and validation analyses identified two reproduc-
ible diagnostic markers, miR-451a and miR-3619-3p. High expres-
sion of exosomal miR-451a and miR-3619-3p in bile was shown to
be strongly associated with the presence of BTCs. In our study, bile
analysis targeting the two miRNAs showed better diagnostic value
than the current serum gold standard, CA19-9 (AUC, 0.819 vs.
0.762). Moreover, miR-3619-3p expression in bile is more prevalent



302 H
SRV Cancer Science

Bile exosomal miR-

YOSHIDA €T AL.

Bile exosomal miR-

TABLE 4 Characteristics of 45 patients
with biliary tract cancer

451a level 3619-3p level
High Low High Low
Clinical status n=22 n=23 pvalue n=22 n=23 p value
Age 76 76 0.67 76.5 76.0 0.10
Gender
M:F 15:7 17:6 0.67 13:9 19:4 0.08
Diseases
dCCA 10 13 10 13
GBC 5 7 0.35 4 0.35
pCCA 7 3 4
Stage
1-11 10 16 0.10 9 17 0.03
H-1v 12 7 13 6
Treatment
Surgery 8 17 8 17
Chemotherapy 5 3 0.03 5 3 0.03
BSC 9 3 9 3

Abbreviations: BSC, best supportive care; dCCA, distal cholangiocarcinoma; F, female; GBC,
gallbladder cancer; M, male; miR, microRNA; pCCA, perihilar cholangiocarcinoma.

The italic values, statistically significant.
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FIGURE 4

High 22 10 6 3 0 0 0
Low 23 20 12 11 7 1 0

Overall survival of patients with biliary tract cancer according to microRNA (miRNA) expression levels. (A) miR-451a. (B)

miR-3619-3p. High, high expression group of each exosomal miRNA in bile; Low, low expression group of each exosomal miRNA in bile. ClI,

confidence interval; HR, hazard ratio; MST, median survival time.

in advanced stages of BTCs and high expression levels of miR-3619
in bile exosomes reflect poorer prognosis of BTCs. Additionally, our
clinical findings were supported by an in vitro study, which showed
that exosomal miR-451a and miR-3619-3p are more prominent in
BTC cell lines than in a normal bile duct cell line.

Using the same protocol, the miRNA microarray analysis with
serum samples could not detect any obvious miRNA markers dis-
tinguishing BTC patients from nonmalignant patients in the same
discovery cohort, which appears to be inconsistent with previous
studies.’*'* This result might be attributed to the present small
sample size for serum analysis; however, we strongly emphasize that

the present findings could indicate that bile analysis has a stronger
impact on liquid biopsy for BTC diagnosis. Due to the microenviron-
ment in the biliary tract, bile must contain abundant tumor-related
miRNA in exosomes directly secreted from the primary tumor com-
pared to peripheral blood. To the best of our knowledge, this is the
first report to perform comparative verification between bile and
serum samples from the same patients. Even though it is moder-
ately invasive to collect bile samples endoscopically compared with
serum sampling, we believe that bile sampling itself does not bring
additional invasiveness during the ERCP procedure, and these find-
ings could actively encourage endoscopists to investigate bile juice
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obtained during ERCP as a possible liquid biopsy, which is expected
to be more useful for both BTC diagnosis and prognostic prediction
than peripheral blood samples.

MicroRNAs are short noncoding RNAs that are associated with
cancer regulation. In recent decades, numerous studies have fo-
cused on the roles of miRNAs in various cancers. Previous reports
about miR-451a and miR-3619-3p provide context for our new
findings of bile-derived miRNAs. Specifically, miR-451a is recog-
nized to be involved in a variety of cancers. It has been reported
to participate in cancer-related biological functions, such as prolif-
eration, apoptosis, and metastasis.>®> MicroRNA-451a is reported to
act with conflicting functional genes depending on the cancer type.
Some cancer types involved miR-451a as a tumor suppressor.*¢~2°
In pancreaticobiliary diseases, miR-451a has been mainly catego-
rized as an oncogene. Goto et al. reported that exosomal miR-451a
in serum was upregulated in patients with PC and intraductal pap-
illary mucinous neoplasm compared to controls.?* Takahashi et al.
and Kawamura et al. independently reported that exosomal miR-
451a was related to poor prognosis in patients with PC.2%23 Chen
et al. also reported that exosomal miR-451a in serum is a diagnostic
marker of PC.%* Indeed, plasma miR-451a is also known as a hemo-
lytic marker.?> However, neither the discovery nor validation anal-
ysis of this study identified other hemolytic markers (e.g., miR-16)
as significant differential expression markers. Moreover, validation
analysis with cell lines revealed that miR-451a is more abundant in
exosomes from BTC cell lines compared to the normal bile duct cell
line. These data supported the conclusion showing that miR-451a is
a tumor-derived marker, rather than a hemolytic marker in this study.
MicroRNA-3619-3p, which was the focus of attention as a diagnostic
and prognostic marker for BTCs in our study, is a relative newcomer
as a biomarker compared to miR-451a. Indeed, miR-3619-3p was
previously reported as an oncogene in some cancers, which is in line
with our findings. MicroRNA-3619-3p was found to be more abun-
dant in tumors of the esophagus, indicating its potential as a predic-
tive marker for postoperative outcomes in small-cell carcinoma of
the esophagus.26 It was also reported as an oncogene in the promo-
tion of cancer progression by activating the Wnt/f-catenin pathway
in papillary thyroid carcinoma.?’

Accumulating evidence has shown that development of BTCs

28,29

also involves dysregulation of miRNAs, which has spurred clin-

ical studies to identify novel miRNAs as biomarkers for BTCs.30-3%

However, although bile has been previously proven to contain

SSP-25 TFK-1

MMNK-1 HuCCT-1 SSP-25  TFK-1

extracellular vesicles, which regulate cholangiocyte proliferation,*

studies focusing on exosomal miRNAs in human bile for pancreati-
cobiliary cancers are limited. Li et al. undertook qRT-PCR analyses
targeting 11 miRNAs in 96 bile samples (46 cases of cholangiocar-
cinoma and 50 controls), and five markers were identified (miR-191,
miR-486-3p, miR-1274b, miR-16, and miR-484).%> Ge et al.*® under-
took an RNA-sequencing analysis with 10 samples (five cases of
malignant biliary obstruction and five controls), followed by valida-
tion analysis using gRT-PCR with 82 patients (37 malignant cases
and 45 nonmalignant), which included cases of PC in malignant
biliary obstructions. They identified two markers: miR-483-5p and
miR-126-3p.

These studies used UC. Ultracentrifugation is regarded as a
conventional and standard method for exosome isolation; however,
multiple parameters can alter the consistency of a differential UC
protocol, which would affect the consistency and reproducibility of
exosomal miRNA purification under various sample conditions.®”%8
In our study, we utilized the AGC device for exosome collection from
bile with a volume of only 200 pl, which could purify a suitable amount
of exosome-derived RNAs for the following microarray analysis. The
AGC column is a useful tool for the simple and quick collection of
exosomes and the extraction of miRNA from exosomes. The glass
membrane column with size-controlled MPG can simply, quickly, and
efficiently collect exosomes using general equipment. Furthermore,
we previously showed that the AGC column with an MPG membrane
could collect exosomes simply and quickly (<10 min) from various
liquid samples.” In addition, the AGC device could extract miRNAs
from the exosomes captured in the MPG membrane with high ef-
ficiency using the miRNA extraction solution. We have also shown
that the number of miRNAs detected by miRNA array in the AGC
device was greater than those collected by three major methods,
UC, magnetic beads, and precipitation reagent.” This isolation proto-
col could be expected to help standardize the sample quality for the
following analysis targeting exosomal miRNAs.

Our study focused on the methodology for miRNA analysis. In
the present study, miRNA microarray analysis by 3D-Gene was first
carried out to identify candidates among the more than 2600 genes
in the discovery set composed of 11 BTCs and 9 CTRL samples.
Indeed, a comprehensive analysis with this sample size (n = 20) could
identify various candidates through coincidence and produce false-
negative results for some candidates. To overcome such limitations
and achieve reliable markers, we undertook a validation analysis with
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a larger sample size (68 patients) using the same miRNA microarray
analysis (3D-Gene). These independent comprehensive investiga-
tions with discovery and validation analyses revealed reproducible
diagnostic markers (miR-451a and miR-3619-3p).

There are some limitations in the present study because of its
small sample size. In the validation analysis for miRNAs, gRT-PCR is
considered a standard procedure. However, the outcomes of gRT-
PCR analysis rely on the choice for the internal-control. Currently,
there is no consensus in terms of an internal-control for bile sam-
ples, which could be a critical issue for data reproducibility. In the
future, validated gqRT-PCR studies based on a consensus house-
keeping gene in bile would be required. In addition, heterogeneity
was observed with respect to the enrolled patients. In this study for
biliary diseases, although PC patients were excluded for the case
group of malignant diseases, the BTC group was comprised of a dis-
crete number of pCCA, GBC, and dCCA patients. The CTRL group
consisted entirely of patients with CBD stones (n = 41) or sphincter
of Oddi dysfunction (n = 2). These limitations based on the small
sample size could be overcome by future analysis with a larger sam-
ple size. Clinical benefit beyond the differential diagnosis, such as
treatment selection and treatment efficiency prediction, would be
also expected to be clarified by future research.

In conclusion, using the convenient MPG method, the present
study established novel and reliable exosomal miRNA biomarkers
in bile for malignant biliary tract diseases. Using ERCP procedures
to collect bile juice, which contains abundant miRNA in exosomes,
bile-derived miRNA analysis with miR-451a and miR-3619-3p might
become a valuable diagnostic strategy for biliary diseases and a pre-
dictive indicator for prognosis of BTCs.
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