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Specific amplification of plasma exosome miRNA in cancer
patients for construction of cDNA library
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1 College of Life Science and Technology, Beijing University of Chemical Technology, Beijing 100029, China
2 Shenzhen Hospital of Traditional Chinese Medicine, Shenzhen 518000, Guangdong, China

Abstract: Plasma exosome microRNAs (miRNAs) are closely related with the occurrence, diagnosis, and
treatment of cancers. However, the underlying molecular mechanisms remain unclear. We herein
investigated the solution for tackling the unspecific amplification of plasma exosome microRNAs from
cancer patients during the construction of its cDNA library. For the restriction enzyme digesting method,
the primers were degraded by exonuclease T (EXOT) and phi29 DNA polymerase. For the magnetic bead
separation method, the templates and primers were separated through the DNA binding beads. The
separation effects of magnetic beads were detected by agarose gel electrophoresis and modified
polyacrylamide gel electrophoresis. The levels of plasma exosome miRNAs from cancer patients and
various primers were assayed by RT-qPCR. The results indicated that the unspecific amplification
stemmed from USRS5SR. EXOT and phi29 DNA polymerase could degrade USR5SR, but the templates
were also degraded simultaneously. Regarding the magnetic bead separation method, the best effect was
achieved via precipitation of primer fragments by 9% PEG and precipitation of templates by 15% PEG. In
conclusion, the magnetic bead separation method efficiently circumvented the unspecific amplification
during the construction of cDNA library, and therefore led to the successful construction of cDNA library

from plasma exosome miRNA of cancer patients and 293T cells.

Keywords: microRNAs; cDNA library; magnetic bead separation; non-specific amplification
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REFLRFATERY, 5@k,
HEFE AT . miRNAs H A7 5 H nl i 8 2 R
MVERT . MR T et A v oA 2 P,
miRNA X6 RGO . I 3R 509 5 A A
B R GuE B — R AT R

2007 4, Valadi "R AR BEL T M A
fF7E miRNA, 7E4frh S ERN. 2F
AP, MR AMBIA miR-21 5 SR 240
LA oM miR-128a 5 T 41 9 (1 & A= A
S miR-494 7 JHH9E 4127 1 2 35 R4 i 384 7
H R AR ZE /N 40 M B (non-small
cell lung cancer, NSCLC) & & Ifil 3¢ ¥ A
miR-22. miR-24 Fl miR-34a 2550 BT+,
1M miR-22 478 25 5 5 o Jre Fn 8 56 il 25 4k
Jr BT EAA A, R AT AR R AN 1 —
TG bR o R0 LR R AR A A LTS miR-155 .
miR-19a, miR-181b Al miR-24 JF&H", fEm G
BET IR MEEZALG FARUIRE,
& miRNAs & & & 3 AL . 1 i 3
miR-10b, miR-34a Fl miR-155 Ay iA25 1k 57
JR I 5L RS A O,

BT, CYETRRE B A i 2K Ak
miRNAs 5 IE R & A . 2B FR YT % YA
K, PR R AE 55 A 3K AP AR miRNA 38
Wik R MK cDNA CE, cDNA
SCPE X HE IR 2 A A DR 2 ) R R R AR K
IR L K D R RN S TR R AR B AR, 2
i B 238 AT A0 5 40 D N miRNA 715 ., fiE
g e AL . FZWT . IRYT SRS I
TR E G A 2K cDNA SCEM T
W2 RNA ot SRR (switching
mechanism at 5° end of the RNA transcript,
SMART)"*™ {HE, ety s, T Mg™
WEE . IRJGREE . SR RE . ANTP W, iR
I [E] . DMSO I % 68 45 [ 2 1 52 i PO
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PCR ¥ 34 BRSSP 3, Horp s 9455
M5 & M HERR S R 28 I B4 P,
Rk, 51 aAER: S 1 EIE & cDNA SU%
P p i R R, RRARAR RS
FIFHEE PCR Sy 398, MIifi$es cDNA
SCPERERIERCR . AR BRI,

AR SCIRGE T Q00T LA TGI8 R G353 B 0 i
P 519 R R AR R SR G R, ORI AE
L AR miRNA ¢cDNA SCJE iy # E 4 A
KHIEHR SR AR L

1 #RE5xF*

1.1 i s14

SPF 2% BALB/c /)N, WEREABR , 6-8 i,
18-20 g, HITFG4 SEse sy b ot VA nliiE
5. SCXK (#) 2005-0001, MSCs H1 K B H
BRI, EESHE 10 L1 E. 293T 4 Al
KIBFFE (Escherichia coli) DHS50 H AR M K24
A= WA B G
1.2 FERFIRLE

RNA #2BGLH & . Bisbs . w3k, =W
W B K H TaKaRa 23 6] ; B ffE DNA
AW H Thermo Fisher Scientific 2AH]; %
mRAMUIME T ZIRSMIEE 1. DNA REGM0E. T4
DNA %32 2. T4 DNA % 4% 1 .DNA Marker
Iy H NEW ENGLAND BioLabs (NEB) /Al ;
DMEM Ehl (& L-A @M . Brel . A5 R
iz %) 1 HEPES ¥532 3£ H Solarbio 23w ; 5l
Y& AR TAEY TR (1) B A BRA A
SER. 96 M = PCR {¥, iCycling %%
GT9612, dtit B W EYHEARAGRAE; 2%
JtiEs PCR X, BTK-96, M AdbatH i
W ARA RS \] 3 NanoDrop 8 f i 58 h- AT I
GG, ND-ONE-W, W F #8288 K i /R
P (B ) ARAH
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1.3 FERE
1.3.1 M3 5N KRR BY

100 L Ifii 3% H A 400 uL PBS 50>, 7
100 kDa #8780 1-2 min, 2 KKEE K
HiEBmELE .
1.3.2 Trizol A#Z2 B miRNA

B 250 pL AR BN M IAMATR B T 1.5 mL
BOEF, #HA RNA FRBGR] & HR UL A
WA miRNA, F-80 CUkFi -1
1.3.3  WiE cDNA BIE& A

P 1 pg miRNA WA #%EH: USR3SR FI
USRS5SR, JUiGsf4 i4 —4E cDNA; LIS —
MM, P34 RUOUEE cDNA (§ 1 R A -
95 °C 10 min, 95 'C 30's, 65 'C 1 min, 40 {>
TEIR); TE 1.5%ZENaEEEL X PCR Wit
Vi iin

1.3.4 SI¥EEsFF ST EkRIRE

R | PURKRIATER, XIRAIRA
miRNA XJ LR Y 38 52, SE00 2 1 3R5%
USRILL XJHEFESHEY M0, SCHdH 2 #R5T
HHL qPCR KR MAERe ey 3, SLgnd 3 R
7% 551 (3% 2) XHARRRSEEY G, SCK
20 4 ¥£57 LNARTP108 Fll USRSSR i 422 X} 4l 4%
SEPEY R, S0 4H 5 %Y LNARTP108 X
e FAPEY IG5, § IR R 2 95 °C 10 min;
95 °C 30's, 65°C 1 min, 40 M.

1.3.5 BYLERBRIESFF T &

EXOT #1 phi29 PiAh G50 FH T L BRIEFr
SEEY RS . RRBCH: 1 pL 10 pmol/L
519, 1 pL phi29 fiEY 1 nL EXOT, 1 uL X
phi20 ZZ ik ek NEB ZZwhi, FHICEE/KINZE
10 pL, 7 1.5%ZEARMEEE RS K o o

F1 RRIEFHREERIERERIRT

Table 1 Design for exploring the sources of non-specific amplification

Reagent name Control Experimental Experimental Experimental | Reagent name Experimental Experimental
group (uL) group 1 (uL) group 2 (uL) group 3 (uL) group 4 (uL) group 5 (uL)

Control products 2.00 0.00 0.00 0.00 Control products 0.00 0.00

RT products 2.00 2.00 2.00 2.00 LNARTP 108 1.92 1.92

2xboost mix 5.00 5.00 5.00 5.00 2xboost mix 5.00 5.00

10 umol/L URP28 0.20 0.20 0.20 0.20 10 umol/L URP28 0.20 0.20

USRSSR primer 0.00 0.00 0.00 0.20 USRSSR 1.68 0.00

10 umol/L USRILL ~ 0.20 0.00 0.20 0.00 10 mmol/L USRILL ~ 0.20 0.20

LNAFAM 0.10 0.10 0.10 0.10 LNAFAM 0.10 0.10

ROX 0.10 0.10 0.10 0.10 ROX 0.10 0.10

Enzyme free water  2.40 2.60 2.40 2.40 Enzyme free water 0.80 2.48

Total 10.00 10.00 10.00 10.00 Total 10.00 10.00

&2 39MF7

Table 2 Sequences of the primers

Primer names  Primer sequences (5'—3") Size (bp)

USR3SR AAAAAACCATCAATCGTGTGTCTAC 25

USRSSR rGrUrUrCrArGrArGrUrUrCrUrArCrArGrUrCrCrGrArCrGrArUrCrNrNrNrN 60

USRRTP GCCTCTGACTCCAGGATCTGTAGACCACACGATTGATGGTAGACACACGATTGATGG 57

USRILL AATGATACGGCGACCACCGAGATCTACACGTTCAGAGTTCTACAGTCCG*A 50

Cal01-P rGrUrCrCrCrArCrUrCrCrGrUrArGrArUrCrUrGrUrUrC 44

http://journals.im.ac.cn/cjben
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1.3.6 WK BRI ERIEFRMET 1S

fii il DNA binding bead mix, /il IxTE £
RFR 50 mL & . 76 1.5 mL &0 A
10 uL BE43 774 . 4 uL BEPRFN 4.182 uL DNA
binding bead mix, "$] 6-8 ¥X, #¥F 5 min; fifi
JEE TR LR EEE, W EEE
1.5mL &.0%, A 10 uL JCHg/K, 5% E 2 min;
BE FIRPRE, W IEIET 1.5%30 e i
Ko 76 1.5 mL B0 I 7.25 uL JolgK |
5 uL _[3EFI1 27.75 uL DNA binding bead mix,
AT 6-8 YK, WEE 5Smin, #5148 EEEWE, W
FEHEBEER PCR 4, 16 1.5%IURMHEE I
HL Yk 53T
1.3.7 293T {AREIE

37 CKIHS TP AR 293T 411, 1 mL 41
JIA 2 mL DMEM 3323, 2.0 3-5 min, 3 I
W, 1 mL B FRELATHUANMUIE, 37 C. 5%
CO, 53¢,
1.3.8 ERRIFFFF MUY B IERE

FH Trizol P:32HL 293T i itd i RNA FIEE
5 AL ANA miRNA, BEATRERR > Bk )5
) RT-qPCR 5%, ¥ 32 R : 95 °C 10 min;
95°C 30s, 65°C 1 min, 40 MEH, @EidP 1
ML HEA T AR R S e 1S S B33 o HT

2 X504

2.1 293T ZHAE S RNA #=ZEL

Trizol 3R UM RNA, 1.5%I I8 MR H
PRG-I RNA JFig, 293T Il 24 4 K,
YR 2 MR 2 80% (&1 1B), 7 LAFEA P4
URAE AN I MR T B S0 . $REU B RNA
1 28S RNA F1 18S RNA &4 i5Mr (&l 1C), #
Bl RNA SE#PERUF, 1S NanoDrop {X#S
E, WM 1-2 ng/ul, RNA NJC DNA., &
PR RS YLy, nf LT IR 825256 .

&: 010-64807509

1 293T 4iftE3F & RNA ZES

Figure 1 293T cell cultivation and RNA extraction
analysis. (A) 293T cell culture for one day. (B)
293T cells cultured for four days. (C) Total RNA of
293T cell. M-band is DNA marker.

22 1EIRERIEK

P 1 pg miRNA Fitli44: USR3SR Fl
USR5SR, (1% USR3SR #l PolyA , #4 1)
M 5 7 18% bR 25 78 1 3R TR s Mok P 468 ¢ /L DK e
I, miRNA 3% 3% USR5SR 1 USR3SR F{I R e i |
S 5571 A RNA Z570 15 T , 75 B0 A7 B 3% 422 i
1 (Kl 2A). miRNA ###2 USR3SR F1 PolyA [
BN AL 25T TR T, R, miRNA
RN PolyA MR, RIS IR RN B FE AT
PolyA B34 (& 2B).
2.3 SIAEsF R ERIRE S

i BG4 B2 W0 B 5 | W #4 E2  miRNA ¢cDNA 3C
PEREAR 7 34T RT-qPCR 5256, %f BEZH Bk
SRRy (8 3B), SLERAH 1. 4RI 5 OR
HBAER Y 1 & (B 3C, 3F, 3G),
BoH 2 A3 i BARRE Y S h 4 (B 3D,
3E). 4iR#EH, miRNA, USRILL fil LNARTP
A EAEFEFHEY BRI, USRSSR = AEdEFES
PEY 1
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2 MIRNA R CDNA 3 ERIREAZ SR
Figure 2 Analysis of the constructed miRNA cDNA
library template chain. (A) USRSSR+miRNA+
USR3SR template chain; 1: 100 base pairs dsRNA
ladder, NEB; 2: miRNA+USR5SR fragment; 3:
USR3SR fragment; 4 and 5: USR5SR+miRNA+
USR3SR fragment. (B) Poly+miRNA+USR3SR
template strand; 1: 100 base pairs dsRNA ladder; 2:
Poly+miRNA plus tail fragment; 3: Poly+miRNA+
USR3SR fragment.

24 SI¥IEfFREYT ER AR

Mg U0k L BRAERE SR Y A R R,
phi29 DNA &4 i 1] LA 7843 % fi# USRSSR, {H
XA BE 237 AR TR A B AR (D 4A), BZIR b
Y1 T 7] DL R4 % USRSSR Mt 5% (& 4B).
FUEE VLA E AT AR R 1

R S e S P A S5 G, 2 2
WEYE, RIS ARSNGB, i 5 A
BB R B Al AL RN o e 41 o ) H AP0
WESR S BL R BRAR R R Y 25 SRR, 7%,
9%F1 10% PEG ¥R ULIE S| ¥ — RiEFEE B bR
KAYF7=4, Hh 9% PEG YLTES > 136 Fl K
DUBE/N R BEE A IF HUUEE EISRP S /N
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Bt % (K 4C). Bfi# PEG WERR, BEERW
W5 90 B2 7725 9, 10% PEG UTHE K BeIL %
12% PEG #il 15% PEG ViLiE K F B i Bl A —
., 15% PEG i/ B (K 4D), KH]
9% PEG TLVES | — Rk . H 15% PEG TiiiE
A i 3R R
2.5 FEFFRMT S AR

M BRI BEER 2 25 (9% PEG L
TESIY "Bk, 15% PEG UTIEBI M sE) 2%
RS MEYH, KA RNA, 293T 40
RNA FEAE 5 A ML HK SR miRNA 4351
TR SE g . 45 R 3RH], &8 RNA SC50 4
HEHE—P g2 (E 5A), XTIkl
Paahs: (B 5B); 293T 4 RNA SLI4ld
BTN hd, xR R IR B 2 (& 50);
Joe R N ISR B s A 52 1 2 7 34 XoF 1oz fif 4k
XPREA o B G M 2, SREA R IR
StEY s (| SD). LA ESE SRR, f Ak i R
PR3 B W LU S0 e s Al b 51 ) 51 R i Ak
FRMEYTHGRE, IR EE T 293 T 4
RNA FUEAE 7 A L3 S & miRNA ¢cDNA 3C
JEE AR o
2.6 RT-qPCR ¥ Y EITE

W gea i s A 2K /MR miRNA R 1E
HIRERR Y B (9% PEG ULIED W — Bk, 15%
PEG ULIERMREE) KBRAERe Sy )5, 217
RT-qPCR §" 34 SZ I 00 F Hp g o, 25 360,
W2 10 FEREEERIRTAR T, CHEAHZEZ N 3.3
(Bl 6A), FFEARiEMZR 2 M BR . W bE i
M CEZ AR ER 2 (K 6B), ¥ AR
98%, MIEZRECH 0.998, L [ 45 R A 2
BrAEFESPEY S5 0959 iE1T RT-qPCR 434 Y
P HEHCE N 98%, WE T RT-qPCR ¥ 345045 ()
A
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Figure 3 Analysis of non-specific amplification of primers by RT-qPCR. (A) Experimental design of
non-specific amplification sources. (B) Control group. (C) Experimental group 1. (D) Experimental group 2.
(E) Experimental group 3. (F) Experimental group 4. (G) Experiment Group 5.
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A4321bp Bbp I 234 B bp 12345 6 7 8 9

100
40

20

10

4 EHFFRUTIBERSN

Figure 4 Analysis of removal of non-specific amplification. (A) Excision of USR5SR by phi29 DNA
polymerase; 1: 100 base pairs dsRNA ladder; 2: USRSSR+LNARTP108 mixed; 3: product after digestion; 4:
template chain control group. (B) Excision of USR5SR by exonuclease T; 1: 100 base pairs dsRNA ladder, 2:
USRSSR+miRNA, 3: digested miRNA, 4: miRNA. (C) 1 and 9: Quick-load 500 kb extend DNA ladder, NEB;
2-4: 7%, 9% and 10% PEG precipitated primer dimer, 5: unseparated mixture; 6—8: 7%, 9% and 10% PEG
precipitated supernatant. (D) 1: Quick-load 500 kb extend DNA ladder; 2—4: 9%, 12% and 15% PEG
precipitated target fragments; 5: unseparated mixture; 6-8: 9%, 12% and 15% PEG separated product

supernatant.
M Target |
A i Amplification plot B 0 Amplification plot
i LI0om | i
EE 0.] L é 0.1 0,103 223
< <
0.01¢ 0.01¢ 2
;‘.\ . /,r\\_‘\ : A \‘I‘
0.001 TTEVRTE: 0.001 — S . O O 4 I VO
2 46 810121416182022242628303234 363840 2 46 810121416182022242628 303234 363840
Cycle Cycle
C e D . )
o Amplification plot 10 Amplification plot

- 0.001 R T R R . AR AN Y
2 26 30 34 38 42 46 2 6 10 14 I8 22 26 30 34 38 42 46

Cycle Cycle

5 BRRMEFEMRLER RT-qPCR 54
Figure 5 RT-qPCR analysis of optimized templates of miRNA. (A) Optimized templates of miRNA. (B)
Control. (C) Total RNA of 293T cell. (D) Plasma exosome miRNA from cancer patients’.
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A Amplification plot B
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B Target | // T imis — 45t
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Bl 6 RT-qPCR ¥ &M E SR

Log starting quantity

Figure 6 Amplification efficiency analysis of RT-qPCR. (A) Absolute quantitative standard curve results.
(B) Standard curve of RT-qPCR for optimization of plasma exosome miRNA in tumor patients.
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3.1 FEAEfR AMERSNERR miRNA F0 293T
AP 5 RNA $2EY

cDNA 3CJF 1 5¢ % M F1 A 3= M 2 3F i
cDNA PR i B 24545 . & RNA. miRNA
ISR (14 56 4 P g 4 AR 2 1 S i cDNA
SCEMHTHE, I B SCER AR . AR SE
I EFT U 5Bk RNA §7 38 v g AR S vk, oty
v i cDNA SCE H it i # 20!

BN IS 240 5 5 I T A AR Y B8 A0 i A 3R
BER/INEEEL, X A i i R A AR, 4
WA S AE A HTE DNA. miRNA |, g
ME M. YPMA miRNA 2IEIEI2 W R &
Yz —, XTAMNIMAE miRNA A58 A2 B2 iF

FRAE R AEMEERNEZ P Hr,
miRNA 42 IO 7k F 2 R0 —F 2

UUVED:, B e 2@ 4 M BE i RNA,
Mo, SR, SR, SRR Tl
RNA, 55— P2 AT me b, FH 28 A 81 4 it A
it RNA J5 WA 4lifk mRNA. 98 R A UL
FKAMBR miRNA A HREUE 76 H Trizol 77 24 %

MR RNA, RJg@d e, WE . vt
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M543 miRNA, $2HUHE Y miRNA 45707
B ST Y N I I D it
3.2 EIE#%#IHHE%JZ&%B%:\?FE

R AN J5 1k 208 Wl Pk PCR. SER
365 i PCR (RT-qPCR). zEEA PCR. %k
T PCR. EAREGHY 1. N FERY
AR PCR Jy ik 50, ,ﬂéqJURT-qPCRWH%ﬂjﬁ
Iz, HARS ER R A

RT-qPCR i i %505 5 SR AT 52 if W]
PCR 7= (ALY FeA iy i<k, ity
H PR 28 XA A 3 42 S g AT qPCR e b A 140 #T o

gE LR . 81 %3 USRSSR il USR3SR 5%
$% USRSSR F1 polyA #4 S M &% 1Y PR A 7 3%
Al DL IR B, AR RS RT-qPCR Z5R i
AN, X BRATRN SE G 20 v 3 s B AR R SR 0 i
& (K 3).

AWFFEAE SMART 3% 3hl b FHREER 23 vk
Al ERAR DY, R T R S 1 AR AR
PP 1 AEREREY AT RER IR T MR
B 51 rE . AINTP WRIESER R, H
H g YRR S R A AR A R AR R R Y
FEORVE . R AREE RS | P
A IR S T 308 A VR T Al o 2 v ok 7 40 4
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1) 5% 519 o A T U0 3 R G B G 5 1 i ke
505 | W AERE S 3, 25 R B Y AT L
ZBRAREF T Y, AE R It XA AR B = A T
R o LR S RER 7 2, BDRI 9% PEG
DUREKR A BL . 15% PEG ULiEfitss, nliss R
I B 5 AR S R BR AR . RT-qPCR Bl {2
TN, N BT RIS 20 rh B R B R S
K R RS R, WEERS Bk RE
i = AL BRE D R AR R e 3, R
IUREHR BE
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