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Optimization of in sifu hybridization for detecting microRNA in paraffin-embedded pancreatic cancer tissue sections
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[Abstract] Objective To optimize in situ hybridization (ISH) method for microRNA (miR) detection in formalin-
fixed and paraffin-embedded (FFPE) pancreatic cancer tissue sections, so as to improve the sensitivity of miR detection.
Methods Tissue microarray (TMA) was constructed from 20 pancreatic cancer tissue specimens. Using locked nucleic acid
(LNA) labeled probe, we examined the expression levels of miR-21 and miR-34a by chromogenic in sifu hybridization (CISH).
The hybridization temperatures were set at 48, 53 and 56 ‘C, respectively. Three different washing approaches (temperature, time
and 3 different washing buffers) were adopted to optimize the hybridization conditions. TMA was prepared using 126 pancreatic
cancer tissue specimens, and optimal CISH was used to detect the expression levels of miR-21 and miR-34a. Results The optimal
hybridization conditions of miR-21 probe were as follows: hybridization at 53 C for 6 h, washing with washing buffer Il at 65 C
for 6 min, and then washing with PBS for 1 min. The optimal hybridization conditions of miR-34a probe were as follows:
hybridization at 53 C for 6 h, washing with washing buffer Ill at4 ‘C and 65 C for 6 min, respectively, and then washing with PBS
for 1 min. Of 126 pancreatic cancer tissue specimens, 84 (66.7%) had positive expression of miR-21, and 77 (61.1%) had positive
expression of miR-34a. Conclusion The optimal hybridization temperatures of miR-21 and miR-34a are both 53 ‘C in the FFPE
pancreatic cancer tissue sections, and appropriate washing temperature and washing buffer after hybridization are conducive to
improve the positive detection rate of miR.
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fil RNA (microRNA, miR ) 7EFMRIAY KA |
RIEMEERE D R EZAEN, A TR 5
PR A2 WHE AR AT SR A T TR e —
RS R0 PE 22 000, 25 RE A IR
Jigs B RE R miR ARAEY), SR B R B2 W
IS VA B O . Rl miR A7
BEAHZR, BT IERPOEE R PCR A, A 5L
2428 (in situ hybridization, ISH ) FIFERES 257
PSP ISH kA L EAHER, i
10% Fh: AR R 1 5 1) A A2 ( formalin-fixed
and paraffin-embedded, FFPE) ZHZ1H miR A7
SERES K] ISH J7 Al FFPE [ ZH 41
miR BA—EMLH, HEXTFFPE JRAREH LU
) ISH AN R DL SCHR AR A -
miR JFH K AL 18~24 BT MR i

(nucleotide ) , P&, BABESR, FF
BAsLAm T8 . [FWR b 2E, HMESER) ISH Jrik
For O Bb A TR ME o A 9 1R R 5 R I OC R B V)
1) miR-21 Fl miR-34a""", i {IHUZMR (locked
nucleic acid, LNA) pmic 3R, DLl 2usg

( chromogenic in situ hybridization, CISH ) ${ARK:
I miR-21 H1 miR-34a BIZRIA, RIS TRIE ISR
G VR B A TR S, DAPEm miR AYFH
PER

1 #RFnFE*x

1.1 Ak L 2013 & 2015 AEAENF 42751
K (5 " BE RS ) KB BEBARINEFTFAR )

5 R R L U AR 126 4], Hih 3B 91 4], 2¢
35 fil; ARl 32~75 %, SFHAEIE 60.4 B, 4
AbrifE: (1) #°8 10% FFPE JEIRELHLURAS ;

(2) WM FEFIZ BRI FERIE; (3) B
I AR B RS SE 8 s (4) ARATARFTHUN Al
SEVRIT o HERRARME: (1) AR HAME K v

(2) AR EETREA SR . Hor 68 ik (il B A i
Xif AR 55 IE H AR 2] (IERZHZH %> 1.5 cm )

FIEA S 1) JRAR AP A R AR 2

1.2 MRS R H4E K% FFPE a4l
LA F G R H-E Y17, B4 H-E Y16
i ELA AR A b 5 B 057 M o5 L4, oL FH R
1t Recipient Block 1t (1.5 mm, 9X10; Quick-
Ray ) Al F-T. Quick Ray 41415 F#il/EAE (&
UINTMA 2~ 5] fil# 1808 R 53 aMilE 20 i/
FEA I IR ZH 205 i FH T A s SR o

1.3 XA 5AE4

1.3.1 %4 LNA #richY miR-21, miR-34a #l
scramble-miR ( BPXT AR ) FREH A 3 E Exiqon
ocE] (£ 1), WEEN 25 umol/L, F DEPC 4b#f
K1 : 10 Bk, Z9kER 2.5 pmol/L, HU 1 pL
EFRREE] 1 000 pL 24532 bt

1.3.2 #x%&wm KM . WA
10% WRFRE RIEN 4 X FriERMmE ik, THT
miR-21 MRS s 2ol L & 50% %
BB . 10% GRS . 80 mmol/L TE,

0.6 mol/LNaCl [ Denhardt &, % /T miR-34a
BRET

% 1 LNA #7i2HJ miR-21. miR-34a #1 scramble-miR R ERE R
Tab 1 Information of LNA-miR-21, miR-34a and scramble-miR probes

Probe E{Sgﬁ:ﬁ nuI;I?I;er LNA labeled probe sequence Temg/grcalture Dilution
miR-21 38102-01 155426 5DigN/TCA ACA TCA GTC TGA TAA GCT A 53 1 : 1000
miR-34a 38851-01 155436 5DigN/AGG GCA GTATAC TTG CTGATT G 56 1 : 800
Scramble-miR 99004-01 151998 5DigN/GTG TAA CAC GTC TAT ACG CCCA 57 1 : 1000

LNA: Locked nucleic acid; miR: MicroRNA

1.3.3 gkl BEERZMK T & 0.1%
Tween-20 IFFGTRENZE Ml ; TRk 1T : &
0.1% Tween-20 [ 2 X FPGERRENZE i ; UEI&ZE oh
W : & 0.1% Tween-20 Y 4 X FPEERR4M 2% M ;
0.01 mol/L PBS; TN Z#fi{fg: 0.1 mol/L Tris-HCI
(pH 7.5) . 0.15 mol/L NaCl; TNB FHIKrZz it .

0.1 mol/L Tris-HCI (pH 7.5) . 0.15 mol/L NaCl,
0.5% (AR E) M HEA (bovine
serum albumin, BSA ) ; TNT ZZ#i&: 0.1 mol/L
Tris-HCI (pH 7.5) . 0.15 mol/L NaCl, 0.2% Triton
X-100; 3% H,O,-B§iRERZ% i ( phosphate buffer
saline, PBS) .
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65 C F4¥E% 6 min, FH PBS P& 1 min,

1.5 CISH 7% FgEn it Ut Ll 4 pm
JERE S R (50~100 F ) , il ISH/ g4
GUE2E LY R, S EEI T —40 C vkEE
& . FHRTEUE, 78 58~60 C JERiI%E A 4 h,
WIS K, Kr4%5E FFPE YA 2 A 0.01 mol/L
pH 6.0 MFFEERRENZE M, nE W (96 C)
8 min, FI#ARH 8 min, MAZFANG K (5 pug/mL,
% T 0.02 mol/L pH 8.0 TE Z& i ) 37 'C #¥E 10
min; i PBS Y% 5 min, RANCEERK . TG
WEATZ3C . (1) TAaC: IS SRS Y A58 5%
M, 37 C W2 1 he (2) 4858 AURLL,
G3 M INS ASRRET Y 4258 G2 v, I
I w P A s, T 3 AR
(Al. A2, A3) WITHIRFNASE 6 ho (3) J¢
RJEUes: Al 3 FE s (B1. B2, B3)
HATHEN . (4) IHC (550K . H 3% H,0.-
PBS M%7 10 min FHBrP ML S, H TNB
FHELIT2Z vy A1 PBST 45 PEH 5 min; {40 R BT
EEPUA, IR TME 1 h, PBST ¥ 5 minX2
W IABRMR S ALY bR IC i) EPU R 1eG 2R Y)
ZFIRMFE 1 h, PBST ¥ S minX2 X; DAB/H,0,
WA 15~30 min, JRKE, ARG, H LB
KB E R BRI S HX AT scramble-
miR PPN EIRE], scramble-miR BAPEXT HEA44] 24
2 DA TR A RIS B o, Ae5c iR g
W 57 C,

1.6 ZR¥akAna" BdE LA AZ . 40
M 32, REZECGRBAEMMIAZ D . FIER
05k 5 RN PR A A b g ik . et

. TEGIE 0 4y, WA 1 4, WEREA
2 4, EmasmAEE et 3 . S
I JCBHME4IMEIE 0 43, FHEEAME S 1%~20%
i 14y, 5 21%~45% 92 2 4%, 1 46%~70%
g 348, >70% i 4 45 mAVEor g
FIVBH A 7 AR A B, R <3 A HliE R
(=), >340HER (+) o ESY RIS
6 A5 0 b IO BR R 1593015 21 1 AR XU R
FE AT EUE =0.75 BHLSUhEm#RL, <0.75
LU IRZRIR

1.7 %343 R SPSS 17.0 BAF k40t
LN THECEOR LUV ECR E 8, PR R
JE () B R FH AR ARG 5 ( R L3R Nemenyi
) o KEKIE (a) K 0.05,

2 & B

2.1 mAEHRREHM HE L AL, miR-21 D4
MR e e 3, A /D e A S 3Rk
miR-21 7EFTA Fa A 20 b o3 s 20 il ek
117 7F J&] PR 3L o p m] O b B PR R G Rl SR
BRI BN S BRSO R A S M
k. miR-34a ¥ CISH Z5H5 miR-21 L. H
Bl 1F1ZE 2 WL, miR-21 54 ke &R
A2B1, EDZesZiiE -l 53 °C, Z5CIRUeisk st h
65 ‘C T HPEEHZ I M YEY 6 min, FA PBS Uk
# 1 min; miR-34a 5 e fE2u 28 %A A2B3,
AL sZ N 53 °C, 2430 R BRIk 4 FH I 4
ZR A 4 °C 165 'C R 6 min, FH
PBS P&% 1 min,

2.2 miR-21 #» miR-34a f£ MR 40 2245 A F 49 %
ks FE 126 Pl AZH, 84 il (66.7% )
miR-21 S AMERIL, Hr 70 BAIRERIL, 14 4]
MR miR-21 TEMA% I R4 (8.8%,
6/68 ) FE 5 1 AR A M3 A AR 1 80 (26.5%,
18/68 ) A FK A HEIR WS FRL, SRR
S S YAESIFE L (P #5<0.01) . 7F
126 IR, 77 61 (61.1% ) miR-34a 5
PHPER R, Foh 65 BRIk, 12 Hlh &Rk,
miR-34a TEWRE 5710 H IR ZY (7.4%, 5/68) FliE
SRR R PR A AR 12T (26.5%, 18/68 ) Higk
B AR mRE, SRS LU 2z 5
Aot X (P#4<0.01) .
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B1 ARHZH B4R FFPE Y15 miR-21 R R 4R
Fig1 In situ hybridization results of miR-21 in FFPE pancreatic cancer tissue sections in different hybridization conditions
A-I: In situ hybridization showing miR-21 positive expression using LNA-miR-21 probe under conditions of A1B1, A1B2, A1B3,
A2B1, A2B2, A2B3, A3B1, A3B2 and A3B3, respectively; J, K: MiR-21 negative expression in synchronous experiment using
scramble-miR probe (J) and without miR probe (K). A1-A3: Hybridization temperature (Al: 48 ‘C; A2: 53 'C; A3: 56 C); B1-B3:
Hybridization washing conditions (B1: Washing using washing buffer Il at 65 C for 6 min, and PBS for 1 min; B2: Washing using
washing buffer I, 1T and Il at room temperature for 5 min, respectively, and PBS for 1 min; B3: Washing using washing buffer Il

at 4 C and 65 ‘C for 6 min, respectively, and PBS for 1 min). FFPE: Formalin-fixed and paraffin-embedded; miR: MicroRNA; LNA:
Locked nucleic acid. Original magnification: X200

R2 BIRENEAALER miR-21. miR-34a TR ZEMMRL
Tab 2 Optimization of hybridization conditions of miR-21 and miR-34a probes in small sample pancreatic cancer

tissue microarray

N=20
Pathologic diagnosis AlBI1 AlB2 A1B3 A2Bl1 A2B2 A2B3 A3Bl1 A3B2 A3B3
hsa-miR-21
Low expression n 3 3 6 4 12 11 4 3 7
High expression n 0 0 0 10 1 2 0 0 0

Positive expression rate 7 (%) 3 (15) 3(15) 6 (30) 14(70)  13(65) 13(65) 4(20) 3(15) 7 (35)
hsa-miR-34a

Low expression 7 4 4 6 6 6 3 3 3 7

High expression 7 0 0 0 5 4 10 0 0 0

Positive expression rate n (%) 4 (20) 4 (20) 6 (30) 11(55) 10(50) 13(65) 3(15) 3 (15) 7 (35)

A1-A3: Hybridization temperature (Al: 48 ‘C; A2: 53 C; A3: 56 'C); B1-B3: Hybridization washing conditions (B1: Washing

using washing buffer Il at 65 “C for 6 min, and PBS for 1 min; B2: Washing using washing buffer I, Il and Il at room temperature
for 5 min, respectively, and PBS for 1 min; B3: Washing using washing buffer Il at 4 'C and 65 C for 6 min, respectively, and PBS
for 1 min). miR: MicroRNA

NN H., 1fii FFPE Y H-J2& s o it = 20 X
5200 FFPE Y/ ISH 25 I ARERIR L, FilanfH
ISH EFHFFIRMBEHFINGE—PEET & BRSEANSE (BELSEEBE) |

3
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TRET L RIARIC RS, (HARXT miR A6 % 522 A9 A
R — R RRIRIE 1 4 38 T RN 24 28 Jim i R A A+
PR AN, LG R ET BRI T AT miR
LA IE, bR IBARERERE,
2 5559, fAMEk2E. FIH LNA #Rid miR A LA
ARG Hb X B b . ORI LNA J&—Fh 2t
MR RNA, LNA J—&R %0 L 27 7]
SR IR R 47 R4 A LU A s AR ) T
Ty, BXRERT ARG INfAEE IR s (AR T LNA 45
Bt B AR ENES miR A AME, SHE:
ZAGT TR 2438t m3m, e 4esg i # v g
0 QA W i 4 Pl I T 5 Y R

TS R EE B SE TSH 438 J I Al 56 ek [H]
R2Z—. HFB LR RNA KA 225 i 2
48 C; £ miR HEHH GC S AFE, HIELgHERE
HIZRAT IR 22 0k NS AT, 25 RO R
TR TFIACTEIE 10~15 °C, Bl FENT i B [R1 YA Ak
HMEE T IE BRSE RS, B TCIREEXT I 45 RN
B (RTF4sClE 30 C) , BAREAMEZ
[T RVEREI A W s et D GG (E Rl 3 8 9 b A =1
BRAENT I %, SRR Z M RYLE S TS PR RAS IR
A EATTZ A 2258 AR 10 4%, DR 7E SE 90T
WA E SEHf R 2SR

LNA #ric iy miR &R bR HE AR HaE, H
e 2438 I AR R TR S 4ese R o
W R R BEEAE (M) 24 3SR W 2% 30 °C, ARWFSEfil
FHEY miR-21 1 miR-34a FRIEZATIRIE /3 53 C
156 Co (HETEEARSZIGH, (2938 2% il
BTN SR B3, i H 258 B i
SXTHLUEE = AR, IR g & Bk
LI . Nuovo S5UHEFRE T JLAN miR B A6l
TR B LIRAE T, T LAE i R 5l o 1Y)
W R PR AL ST, 91T 50% H P e T AR AIG
ZACIRE 2~3 Co AW AR miR-34a H4HH
WHEEZSCIRE N 56 'C (86 'C—30C ) , THSLE:
AT A AT AN [R] B R BE I A 28 G2 vp i K
FIXT R AR, 255 R I A sc 2 v T 1
56 'C T3¢ 6 h Al A sc e v T 7E 53 'C TR
226 h, HFAMEAES 5o RA—F . A5t
PET 48, 53 f156 C 3 MAACREHAT 4R AL

VRSP R ISH 45 R E R R,
Nuovo 25UV HEFE T JURIE WA 2438 I e I4 2% i Fl

VRIS, (MRS, HARSLIOHH IR T 2
MRS ARSI AT R . ARWFTARYE SRR T K
HeAEmy . ARSI E 28 (1 el Al CISH 55 &
W H VRS, BT 3 PRI AR T
FALF AL

AW HIVE T 20 151 B B g8 41 2L ) /N AR 4
SUN R, Xese S Tl . S5 R miR-21
WREF R R AR 48l A2B1, BIYEZRAZIRIE 53 C
(M ZescZohil 1) T458 6 h, fHERE
M MAE 65 C FyE¥ 6 min, FRH PBS UK
1 min; miR-34a FEEAELACHKMN A2B3, |
(EZ2ACiE 53 °C (i HZRscZml 1T ) T 458
6 h, FHVEBRZE BT 2 7E 4 'C F1 65 C F45UkE
¥ 6 min, FH] PBS iU 1 min, KA LB ifbsc
4, ] miR-21 F1 miR-34a £REFHM 126 11BN ses
AR EIHLUL -, K 84 il (66.7% )
miR-21 2[R, H 70 BAIRERIL . 14 4]
ks 77 6] (61.1% ) miR-34a 5 HIEFRX,
Horp 65 Bl AMEL . 12 B AmEEA. miR-21 Al
miR-34a TEI55 1E 5 PR SURIE 55 1 IR 2 PR
AR AR AU R D HIS R W ik

EAITIT 20 0 1752 PCR 32 Mot 20 2H miR
TS Z5 G PCR LS miR ARG, Fu 21
FREASCHRIEAT T meta 434, 45 %W miR-21 JL
-1 I SR e L5 R AR i A 2h B R GA
1 EL S 215 19 miR-21 1] g & 44 25 L g JL I 1)
Vi H. 5 R S 0 AR R A e o ARTFSE R
JH CISH Fi ARG & B miR-21 1 JHARIR L 2L Y
PHMERIR 66.7%, Ho iR 5% 15 H 4l ZURUE 55 1)
JHRBR A PR A AR AU 2L, 5 b Sk 4 R —
. BRI miR-34a fJEALAG I )5 1k
KW SCHRHRIE , Pramanik Z5U*SR ) PCR ARG
miR-34a, 259 & BUIHAE R ZHURIEREA =
KB . BATHHIAFFE R PCR AT T AR
PR 2 miR-34a WKL, 450 & HAE AR
AR R KR, B e IR o AL R JE 1 32 A
KM ARSI T L A5 R ] miR-34a FIAH
PERA 61.1%, (HALFRIEA S LER (84.41%,
65/77) , SREAESCHIRIEA —E 25, HEEA
FritE—25 5007

ZE LTk, AW LA FFPE BRARGEL1Z]
H miR R G, miR-21 F1 miR-34a (458



1380 -

BB 20184 12 H, 45 39 4

IR 53 °C, RIS R AR VR T IR E FI

32

MR RT3 E miR PR . AR5

F G LA SR EFSE miR-21 Fl miR-34a 7E AR
b % RUE TR VR BE 8 T SRR

(& % x #f]

(1]

(2]

(3]

(4]

(3]

(6]

(7]

(8]

(9]

HUANG Y, YANG Y B, ZHANG X H, YU X L, WANG
Z B, CHENG X C. MicroRNA-21 gene and cancer[J/OL].
Med Oncol, 2013, 30: 376. doi: 10.1007/s12032-012-
0376-8.

KASAI A, KAKIHARA S, MIURA H, OKADA R,
HAYATA-TAKANO A, HAZAMA K, et al. Double
in situ hybridization for micrornas and mrnas in brain
tissues[J/OL]. Front Mol Neurosci, 2016, 9: 126. doi:
10.3389/fhmol.2016.00126.

WA X B 05, 0P A0 2, B, 55, 417 miR-29 X
JBelE PANCI AIfIA- K (RZEFERL R[], hig
A2 ,2017,17:386-392.

MELO S A, LUECKE L B, KAHLERT C, FERNANDEZ
A F, GAMMON S T, KAYE J, et al. Glypican-1 identifies
cancer exosomes and detects early pancreatic cancer[J].
Nature, 2015, 523: 177-182.

TATE AR ™. miIRNA-155 5 EIRER(T. itk
JBEARE 243,2017,17:349-352.

ZHANG J, ZHAO CY, ZHANG S H, YU D H, CHEN
Y, LIU Q H, et al. Upregulation of miR-194 contributes
to tumor growth and progression in pancreatic ductal
adenocarcinomal[J]. Oncol Rep, 2014, 31: 1157-1164.
ZIMMERMAN S G, PETERS N C, ALTARAS A E,
BERG C A. Optimized RNA ISH, RNA FISH and
protein-RNA double labeling (IF/FISH) in Drosophila
ovaries[J]. Nat Protoc, 2013, 8: 2158-2179.

BARTEL D P. MicroRNAs: genomics, biogenesis,
mechanism, and function[J]. Cell, 2004, 116: 281-297.
JORGENSEN S, BAKER A, MULLER S, NIELSEN
B S. Robust one-day in situ hybridization protocol for

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

detection of microRNAs in paraffin samples using LNA
probes[J]. Methods, 2010, 52: 375-381.

0 SR R AL 25 B AR, R, 4 19,55 . miR-34a #L1
] P45 c-MET e i [ e 4 J 1) o3 1L K e PR 2
SCT]. AR R 24 ,2018,18:233-237.

NIELSEN B S. MicroRNA in situ hybridization[J].
Methods Mol Biol, 2012, 822: 67-84.

DONE S C, BELTCHEVA O. In situ hybridization
detection of miRNA using LNA™ oligonucleotides[J].
Methods Mol Biol, 2014, 1182: 57-71.

DE PLANELL-SAGUER M, RODICIO M C. Analytical
aspects of microRNA in diagnostics: a review[J]. Anal
Chim Acta, 2011, 699: 134-152.

SARAGGI D, GALUPPINI F, FANELLI G N, REMO A,
URSO E D L, BAO R Q, et al. MiR-21 up-regulation in
ampullary adenocarcinoma and its pre-invasive lesions[J].
Pathol Res Pract, 2018, 214: 835-839.

NIELSEN B S, MOLLER T, HOLMSTROM K.
Chromogen detection of microRNA in frozen clinical
tissue samples using LNA™ probe technology[J].
Methods Mol Biol, 2014, 1211: 77-84.

NUOVO G J, ELTON T S, NANA-SINKAM P,
VOLINIA S, CROCE C M, SCHMITTGEN T D.
A methodology for the combined in sifu analyses of
the precursor and mature forms of microRNAs and
correlation with their putative targets[J]. Nat Protoc,
2009, 4: 107-115.

FU X, HAN Y, WU Y, ZHU X, LU X, MAO F, et al.
Prognostic role of microRNA-21 in various carcinomas: a
systematic review and meta-analysis[J]. Eur J Clin Invest,
2011, 41: 1245-1253.

PRAMANIK D, CAMPBELL N R, KARIKARI C,
CHIVUKULA R, KENT O A, MENDELL J T, et al.
Restitution of tumor suppressor microRNAs using a
systemic nanovector inhibits pancreatic cancer growth in
mice[J]. Mol Cancer Ther, 2011, 10: 1470-1480.

[AXHFE b



