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Background/Aims: Intraductal papillary mucinous neoplasms (IPMN) are precursor lesions of fatal pancreatic cancer. Physiological
function of microRNA is to regulate the stability and translation of mMRNA. The aberrant microRNA expression is commonly
observed in many cancers. The aim of this study was to analyze the expression pattern of microRNA in IPMN and evaluate
the role of the microRNA.

Methods: Using two paraffin-embedded IPMN tissues, microRNA expression of normal tissue, IPMN adenoma and carcinoma
were compared by cDNA-mediated annealing, selection, extension and ligation microarray assay. Using real time PCR, expression
levels of aberrantly up-regulated microRNAs were assessed in another 20 IPMNs, four pancreatic cancer cell lines (Panci,
MiaPaCa-2, XPA-3, BxPC-3) and immortalized pancreatic ductal cell line (HPNE). Effect of suppressing highly over-expressed
two microRNAs in pancreatic cancer cell lines with anti-microRNA inhibitors were evaluated using CCK-8 assay.

Results: Among aberrantly expressed 122 microRNAs in IPMN, miR-552, miR-25%*, miR-183, miR-1300, miR-196a, miR-182*,
and miR-30c-1* were consistently increased more than 3-fold. On average, miR-196a and miR-183 increased 10,824 folds
and 26,519 folds in four pancreatic cancer cell lines compared with HPNE. These two microRNAs were also over-expressed
in 20 IPMNs compared with HPNE. After applying anti-miRNA inhibitors, cell survival of four pancreatic cancer cell lines decreased
by 24.5% with anti-miR-196a and by 14.2% with anti-miR-183 on average.

Conclusions: Aberrant expression of 122 microRNAs was observed in IPMN. Two microRNAs, miR-196a and miR-183-increased
in IPMN and pancreatic cancer cell lines compared with immortalized dancreatic ductal cell line. The inhibitions of these
microRNAs repressed cell proliferation of pancreatic cancer cell lines. (Korean J Gastroenterol 2011;58:190-200)

Key Words: Intraductal papillary mucinous neoplasm; microRNAs; miR-196a; miR-183

N = oleldt Aerel Ao W 3 Skt AT S5 He

Z(intraductal papillary mucinous neoplasm, IPMN)o]

AR A 3 51 Egol 5% telel XEEel ool T U)o IPMN- 19921 %] A B glon,
17 ol Wrle] Sl Zlsdt FAUE sY BEEO]  oFo] AT At ApHT; S uele] o B3 Ao u
25-30% Atk ol A gherh? ol g AelA A SR IPMNE A, At W5 o Ayt
oF2 TheFer Ao NS AXAM A= Aol v AT o AR S AET AE ool SAle EAgn’

Received May 18, 2011. Revised July 5, 2011. Accepted July 13, 2011.

(€9 This is an open access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/
by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

WAUXMKE O[FH, 135-710, MSAl BT LS 50, HEMSHE Asty|Liat

Correspondence to: Kwang Hyuck Lee, Department of Gastroenterology, Samsung Medical Center, Sungkyunkwan University School of Medicine, 50, Irwon-dong,
Gangnam-gu, Seoul 135-710, Korea. Tel: +82-2-3410-3409, Fax: +82-2-3410-6983, E-mail: Ikhyuck@gmail.com

Financial support: This study was supported by National Research Foundation of Korea, EO0104. Conflict of interest: None.

Korean J Gastroenterol, Vol. 58 No. 4, October 2011
www.kjg.or.kr



Park YG, et al. MicroRNA Expression Pattern in Intraductal Papillary Mucinous Neoplasm 4191

ulo] =2 RNA (microRNA}= oF 227 Q]9 w2 QEf
olE® FHH ©d 714 RNAR A dfellA chekdt
mRNAS] W (translation)S Z Ao 2x A YolA ot
s 5ict. o]¢3t mfo]2E RNA
%7} 9 Aart opoket 79 o A
Eo] Qlal o] ¢follA
HA], mfo]AE RNAE o] &3 Adat X 5o thigh A7t
SrsA Aes]ar ek Bt #A71A] IPMNOA o]
23t ufo] 2 & RNA Hd ool dieh A= WAl gt &
A= IPMNOJA mlo]32 RNA ' S ATl mfo]
I RNAS] oehs dolH At syt

Fat ueb|doR Agto] B4

V\ﬂ@L@' # U]'O] Z RNA ufo] §_01 | Ol(mlcroarray)
o]-gsto] #As}7] flsto] RNAS &39It IPMNOE 4=
=0 o2 4 2019 whebd 2K 0 2 HE RNAS F50
T AAZFES A A A EHS(RT-PCR)E 1fo] &2 RNAQ] W
A& AR o]59] mlo]A= RNA Hd Fre= AT
Ao B G AT T Aok vl moiict

==

2. Of2pE ZX0A RNAS 22

oAt o ReoverAll™ % 34} Ea| 7| E(Ambion,
Austin, TX, USA)E AME-3}0o] RNAS 223819t ALg
oF WS 7] 7lsstd A gt E5E 20 um FA
2 oA Adsto] 100% xylenedl| ¥ 3 50°CoflA] 3&7F
Ae]gtet. o] 2o 100% ofleFZE F ¥ AXe & ¢bd
TRt £ 7|Eo SEs| (protease)% AZollS
11 50°Cof|A] 3087t A Estr). S&M(additive/ethanol mix-
ture)S 91l 2 AL T IE 7}E4ﬂ A(filter cartridge)o]] &
=t} 700 uL £ 7|E AlH 3 1917} 500 uL Al x93
N 2/3HE o]-gsto] AXTE £ 10,000 rpmeflA 3027F A

wejste] AHoe BE AAUG 4 uL DNARHEL

gl

Ol
d
o ¢

01&

it
¢

it

of

(DNase), 50 uL HALES A7 ¢l= %(nuclease—free
Water)iﬂL 6 ul 10X DNAES|aA oS dAEo| Y
020 25°C AR F ABE o oA AT

E} FZ RNAE= 60 uLe] Al-Z2= —%%@(elutlon solution)<
o]-gsto] & thy AES fste] 53 RNAE 80°C
of Hydir},

3. 010|322 RNA 00|32 =0{[0]}

7129] tfo|ZRoldlo]Z WHste] /WE DASL assay
(cDNA-mediated annealing, selection, extension and li-
gation, Illumina, San Diego, CA, USA)"*Z o]-g-&}o] u}
O|ZF RNA Hio]Z R ol o]E A3}t

QoS 75H) J18He, 320 RNAG] ohi 4t S
$(polyadenylation) A ¥}l biotin labeled oligo-dT A
Z=AE o]&3}o] AHA DNA (complementary DNA)S Tt
+ & 3A(solid phase)ol] AFAIXIL). o] 5o ke B3
A (probe: single miRNA-specific Oligo [MSO))E ©]-&-3}¢]

Uolz vlo]AT RNAS AFH o AU ALE B2
= 58 BrhE-end)?] BHE FHAAAMES A EH] L
#(universal PCR priming site), S%o| F4& A7|A<E
(address sequence)¥} 3¥ Wth@3'-end)?] Hfo]I 2 RNA &

O

O] Al d(miRNA-specific sequence)® A% o] ur}. o] 3t
G222 o|&3el 73579] Ho] AR RNAS 28 4= 9
A HPH-S 71eF] 7143 16 ul biotin labeled %E*g
DNA®|| 5 uL9] t}% ©&X<(multiplexed MSO pool MAP,
Illumina)?} 30 uL Streptavidin &AM A (streptavidin
paramagnetic particle, Illumina)s &&+stal 70°Co| A 7}
A3 F 40°ColA annealingAl{Ith A& o] DNA AlEA|
(primenE ©]&to] SHAAA FE 7hset A AE(an
amplifiable product)E TH=t}. Streptavidin AFAA YAZE
HE 5% 7hset 44 AHEE £ 3591 biotind 4
FAMAE AdE AFAE ol83te] PCRE A3
Streptavidin A H|[Eo AFAIZ] T AlHstar A
(denatured)A| AA L7133 E 2} (single stranded fluo-
rescent molecules)S %‘%E‘r o] JAE-E t}A] streaptavi-
din H|E= A|AHlo] 4

que (GoldenGate Genotyping Assay, DASL Gene

3}tA]7]31 Address sequence techni-

Expression Assay, GoldenGate Methylation Assay)s %
dfo] et vo] AR RNAS FHshA BH RS 27
SHA Hoy olefdt A¥f= wl=ofEo] £47](BeadArray
readen o|-8810] UZ ] B AxA|A AuE L
Z13(BeadStudio v3.1.3, Gene Expression Module v3.3.8,
llumina)& ©]&slo] Fs} Tt

4. MZZ HHQF 3! RNA ==

American Type Culture Collection (Manassas, VA,
USA)C 2 EE HAY AEF(Panc-1, MiaPaCa-2, XPA-3,
BxPC-3 glr 29 §].§4 ;H/\} ﬂ]x}z;ﬂ Aﬂ HPNE qj*}
%t} Panc-1, MiaPaCa-2, XPA-3& 10% $-E|o}& A (fetal
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Table 1. Up and Down Regulated MicroRNA in IPMN Detected by DASL assay

microRNA Patient 1 Patient 2
Up regulated Adenoma Carcinoma Adenoma Carcinoma
hsa-miR-552 17.36 3.91 51.52 65.06
hsa-miR-183 14.87 10.16 3.72 3.63
hsa-miR-1300 13.63 4.30 24.37 15.65
hsa-miR-196a 13.21 12.03 9.94 10.54
hsa-miR-182* 9.22 4.22 4.24 3.42
hsa-miR-30c-1* 4.23 744 772 5.18
hsa-miR-25* 3.84 3.69 8.20 5.13
hsa-miR-183* 8.45 2.20 5.32 2.14
hsa-miR-93* 6.15 2.63 4.70 5.97
hsa-miR-182 5.62 3.48 2.21 2.15
hsa-miR-1268 5.16 2.23 2.92 2.96
hsa-miR-885-3p 3.26 2.52 5.61 4.47
Down regulated Adenoma Carcinoma Adenoma Carcinoma
hsa-miR-125b-2* —28.90 —2.65 —15.54 —47.93
hsa-miR-133a —21.29 —7.51 —3.41 —5.04
hsa-miR-885-5p —16.55 —3.50 —13.03 —14.75
hsa-miR-30a* —11.99 —4.20 —9.18 —20.33
hsa-miR-1271 —10.07 —2.45 —4.04 —4.06
hsa-miR-1273 —8.26 —5.24 —4.98 —2.36
HS_182.1 —8.07 —2.02 —9.22 —3.79
hsa-miR-30c-2* —7.99 —4.24 —4.93 —5.36
hsa-miR-1272 —7.75 —5.29 —4.61 —6.09
hsa-miR-378* —6.63 —4.13 —2.87 1.39
hsa-miR-483-3p —6.40 —2.31 —16.25 —4.19
hsa-miR-34c¢-5p —6.10 —3.28 —3.60 —3.11
hsa-miR-143* —5.80 —4.08 —2.21 —2.16
hsa-miR-34b* —5.53 —3.21 —5.06 —3.41

IPMN, intraductal papillary mucinous neoplasm; DASL assay, cDNA-mediated annealing, selection, extension and ligation assay (lllumina,

San Diego, CA, USA).

b
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Fig. 1. MicroRNA-196a (A), microRNA-183 (B), and RNUG (C) expression in pancreatic
cancer cell lines and immortalized pancreatic ductal cells measured by real-time
polymerase reaction (a: Panc-1, b: XPA-3, c: BXPC-3, d: MiaPaca-2, e: HPNE).

Table 2. MicroRNA Expression Patterns in Pancreatic Cancer Cell Lines (Panc-1, MiaPaCa-2, XPA-3, BxPC-3) Comparing with Immortalized
Pancreatic Ductal Cell Lline (HPNE) by Real-time Polymerase Chain Reaction

Over-expressed microRNA In IPMN HPNE Panc-1 MiaPaCa-2 XPA-3 BxPC-3 Mean
hsa-miR-552 1 0 0 0 6.29 1.57
hsa-miR-183 1 5216 13913 22471 1698 10825
hsa-miR-1300 1 0.74 1.51 1.38 0.89 1.13
hsa-miR-196a 1 73385 1966 22397 8327 26519
hsa-miR-182* 1 8.38 31.31 42.24 8.38 22.58
hsa-miR-30c-1* 1 13.33 8.39 6.49 1.54 7.44
hsa-miR-25* 1 9.66 40.62 34.00 6.18 22.61

Anti-miR™" #lo] A& A 4| (Ambion)

A

=
19628} miR-1832] Wdo] aytr o g Ax|Ho| H&E| Q)
(Figs. 2, 3, Table 4).
miR-196a0] W olAo] ol8A HAF TR Aol
245% A8l 0™ miR-1839] Qo= oF 142% Ax 7+
4E|9th. 27ke] AlEe] vlo]AE RNA

=}
TG A

2va

H AL ANA 71 342 AAI] gemcitabine?] %
£ HSA 7 HA AlE] A& RS ZA5AT. 270+
tfo] A2 RNAE AAAIZ] Z9-2] A£2] AJ&o] AAA7]|A]
Ao AL Hoh AASAAT v S FE2E St

Al7IH o]gst aurt AlebthFig. 4, Table 5).
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Table 3. MicroRNA 196a and MicroRNA-183 Expressions in 20 IPMN Patients

(A) Patient’s Characteristics

(B) MicroRNA-196a and MicroRNA-183 Expressions

Mean+SD miR-196a miR-183
Tumor size (cm) 3.67+2.81 Ave Ct RQ log% Avg Ct RQ log%
Gender M 13 HPNE 40 1 0% 37.951 1 0%
F 7 PANC-1 4.886 51281272832 100% 26.268 4535.444 100%
Age 57.23+11.31 1 25.046 131735.453 48% 30.383 787.587 79%
F/U duration(days) 1256.8+1255.05 2 26.097 18106.959 40% 30.705 179.483 62%
miR 196a log%” 3449 3 27.787 5571.388 35% 30.62 189.077 62%
miR 183 log% 65+9 4 29.798 1615.32 30% 30.656 215.435 64%
Recurrence No 11 5 33.576 249.537 22% 31.414 269.853 66%
Yes 9 6 25.335 194702.688 49% 32.572 311.919 68%
Pathology Ademoma 3 7 31.493 1239.479 29% 33.178 93.156 54%
Carcinoma 17 8 35.629 89.131 18% 33.212 115.095 56%
T stage T1 3 9 28.565 6199.231 35% 30.845 308.555 68%
T2 5 10 33.58 306.843 23% 34.143 50.197 A7%
T3 9 11 27.557 5661.799 35% 30.624 163.325 61%
N stage NO 16 12 31.936 674.705 26% 32.893 83.973 53%
N1 2 13 26.885 11132.865 38% 28.826 700.699 78%
.. log (patient's RQ) 14 32.869 267.052 23% 30.669 296.621 68%
|0g@=m x100 15 23.968 66096.539 45% 29.229 416.583 72%
16 25.072 20980.867 40% 28.021 656.754 7%
17 27.565 4241.441  34% 30.486 135.417 58%
18 26.137 3791.512 33% 28.368 195.317 63%
19 25.834 26166.584 41% 28.448 1033.314 82%
20 25.993 12252.492 38% 29.286 302.196 68%
Bold, recurrent cases; Avg Ct, average; RQ, Relative quantitation.
log (patient's RQ)
logh=—"———"—— x1
8% "\ 0g (Panc 1 RQ) 100
ni Z} FE] oA A9t RNA nfo]agofgo] A& 2Y317] ©f
A 4 T HER A 249l %ol ﬂ£°ﬂ A
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IHC staining ®
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Table 4. MicroRNA-196a and MicroRNA-183 Suppression in Pancreatic Cancer Cell Lines

miR-196a miR-183
Reference With suppression Reference With suppression
Panc-1 100 <0.001 100 0.0001
MiaPaca-2 100 0.1 100 0.0001
XPA3 100 0.4 100 0.0001
BxPC3 100 <0.001 100 0.0001
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Table 5. Decrease of Cell Survival by MicroRNA Suppression

No gemcitabine
(%)

Low concentration of
gemcitabine (%)

miR-196a miR-183 miR-196a miR-183
XPA-3 25.6 6.6 18.7 4.8
MiaPaCa-2 13.5 —8.2 7.8 —2.7
BxPC-3 38.6 45.4 38.6 45.0
Panc-1 20.3 12.8 12.7 15.1
All 24.5 14.2 19.4 15.5
ok ZE o] 7171 3HelE miR-196a2t miR-1832] Wl o]

T2 [PMNOJ A=
PCRE &9 A=

LA olvg o

7] SfeiA RT-
Fob =93 A4 AZFE o

XHo=E

0.997405

pancreatic cancer cell lines with
RNUGB (a: Control, b: With mock, c:
With anti-miR-183). (A) Panc-1, (B)
MiaPaCa-2, (C) XPA-3, (D) BxPC-3.
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Aot 2099 S iifo R A A3, oS 2AjoA
L F TFY vpo]AE RNATH A5E0] oleg skt

%75 miR-196a 4! miR-1839] & EoF FAo|A9 o
o oFf A A 9kght}. E Lo A= miR-196a X miR-183

& oRomA Wi AT S8 AF AFE ¥
A, 21 27 s = geshAl BoA] ElTh Tar-
getscan (http://www targetscan.org)e SolA] tlo]A=Z
RNAS| th4 mRNAS 23] H9ke 1] miR-196a2] H7
RNA (conserved targets)® F 21177} 91©. 5 miR-1839]
34 RNA (conserved targets)=+ <F 309707} 13lct. %
ol 0]2]¢] 9Fof A= miR-196a Y miR-1830] th3t F 7}x|
A77h AT Lutia 5 W AT AR
miR196a7F A|EAHEAISE AT A AR 2
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o=
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