FRGTE: 10384 e ) B0

2. 21720091152108 UuDcC

B r3
B+ % AL XX

REHIE R oSS S5 498 HEmR AR
#£ K-ras E[FE 2835460 gy

Application of Probe Melting Curve Analysis combined with

Different Kinds of Primers in K-ras Mutations Detection

5K 4

ESHENES T K B #HE
Tl AW EVLEESFEDF
ieXRZA/ 2012 £ 5 A
X ERNE 2012 £ 6 A

FURFAM:2012 & A

EHEAL LN
# WA



https://core.ac.uk/display/41432959?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

H 3%

20128 A

II



BIIXFEFAMIR R FRA

AN EAW AR R SR A NAE F 4G T N 5L 58 BB 7T
Ko ANERIEGEHSHHAMAN NSEAR 2R IB TR, 1
FESCHR DUIE 205 sUITRA AR B, R S e i (R TR 2E i e A o
ARIESE GRAT)D

TiAb s AL SN DURACAD
BT TCRER, 3RS ( ) W (H) & RESER E
Bell, fE ( ) SEEESEM. GEELL BT AET R

R BRI A DT N BRI AL PR, AR LRI B VAR, A AAMERY

7 o)

PN (Z4):
F A H



B IRFEZ AL 3CEAERE R A

ANFERETTRERSE b N RN E 2207 26 618 AT S it 7
) SERUE PR AV e s AR 3G, I R R AR T T B R E HLAIA R
PO CEARAR AT FL TR0, SRV AALIRSCENZ TR B4
T S AR PR A B 5D A NFEE TR A A1 SO 2 [
f s BT S SO B A AT AR R, R A AR SO AR
NG R, SRHISEED S AR En sl e Uy A a BRI 22 A1 3.

AR T

( ) LA TR IRE R 2 W A% IR 2 A1 0,
T F A HEE, EREN BRI

( ) 2ARE, 1M BRI

I TE LA L AH RG-S A TN B AL A 25 o PR 207 18 SO
O E I TRERER AT E AR, REETTRAREZR

S E RS ST N AT AR S IEAE RS 1), BIAA
NI, Y& FRFAL.

Su

L:111

PN (Z4):
£ A H



H 3%

H X
FRSTHEEE. .....oooeeeeeeeeeeesesssesssssssnsnsssnssssssssssssssssssnsnssssssssssssssssssnsnsnsassssssssssns 1
BETTFGEE. .....ooeeveveveneneasssessssssssssssssssnsnssssssssssssssssssnsssnsasassssssssssssssnsssnsnsasases 3
BB B B D eeeeeeeeeeeeeeseeeeesese e s s st eseseseseaese e s s st se s s s aeaenensasnaen 5
F—3 ZEHFEHNS FHEBETS KRAS ZEEIZETD ....eeeeeeeeeeereeveresnesesassssnns 5
=75 ET PCR K K-ras BEERTE IMTTIE coovveerernrerenrnsennsensennssssnssnsanes 9
20 1 AESEIT PCR A T 125 oot nee e, 9
20 2 ST PCOR I T T2 oo e s en e, 10
B ZRID SIHITEIZ covveeeeeeereeensessnsessessnssssessnssssasssssssnsessnssnsessassssesssssssassnssssassnns 13
BB TTHK conoveveeeeeeeeeeeeeeeeesessssasessasessasasssasesssssssssasessssnsssssssssssassssasessasassssssasssassasssnssasane 14

F BRI IRZ FH covvvoennessssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssses 18
F—T MRDFEHREREEBEEITESTES T BEAK e 18
Lo 1 ] S bbb 18

Lo 2 FEBIITT I oo 20
1. 2. 1 42 DNA FIGE B8 I R AR R s 20

1. 2. 2 BATEFIBHPE BRI IR oo 20

1o 20 3 BIFHREF T oo 21

1o 2. 4 KRR EEE oo 23

1. 2.5 NG BGBER AU i th 2 70 B REHR I BE ST B 22 23

1. 2. 6 REIIAR ZR TN oo 24

1. 2. 7 MR RBUEREBEVEIT S e 26

1. 2. 8 IWAREE ELIFEARAS AT I oo 26

Lo 3 G R s 27

1. 3. 1 NLABEEF IR IITEE R s 27



H 3%

1. 3. 2 tR# COLD-PCR KEAAMEIREL (Te fH) MIFHE oo 28
1. 3. 3 RRMREEAIEREMEE AR s 29
1. 3. 4 IGIREE ELIE PR AR I ZE TR s 33
Lo 4 BT ettt 41
—T MRS FIEFEBIMESTEEFINFRES I HBRA ... 44
2t 1 Bl B et 44
20 2 FABIHITTIE oot 46
2. 2. 1 4HM0Z DNA. BHMEFRAPHPE FORL AL 8 SIS ARAR A I ... 46
2. 2. 2 BIIFIHRETBETE oo 46
2. 2. 3 KGR ZR ORI oo 47
2. 2. 4 KGR ZR IS oo 48
2. 2. 5 IRNARRIFFIERIFEEZ oo 50
2. 2. 6 JRNAKRRREBIEHIFEEL oo 50
2. 2. 7 NARFRIEFEMEIITEZZ oo 51
2. 2. 8 IR ELIAFEARAS ARG oo, 51
20 3 B et 51
2. 3. 1 MR REIFERMEE IR s 51
2. 3. 2 RPMMRRRBEHEZZEER s 54
2. 3. 3 RMNARRIEFEMEFBRGER oo, 55
2. 3. 4 IEPRGE ELRRE TR ARIIEE TR oo 55
2 4 T TR et 59
=T MRS FEFBBHEINES Tm FRE5 1T EER e, 63
3 1 G B et 63
30 2 MBI oo 64
3. 2. 1 4R DNAL FIHARIBH P ORL 084 3 S I R BR A RIS ... 64
3.2 2 RIEPHMEFTRLIIZRIT oo 64
3.0 20 3 BIIRIREN T oo 65
30020 4 KGR ZRBIJEE oo 67
3.0 20 5 REIIR BRI oo 67
3,20 6 RMARFRIEFEMEIITEEL s 68

II



H 3%

3. 2. 7 AR R BHPE BB AIHIIE oo 69
3. 2. 8 IR ELMFEARAS IR I covoveee s 69
3 3 R 69
3.3, 1 MR REBMEE LG R s 69
3. 030 2 SR ERBIBHME B oo 72
3. 3. 3 IRREE BRI FRAREIMLE T oo 73
30 A T T e 77
BEETTRR cvvoervreressssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssasses 81
B cvevereereernneneneresensssenesesessassssesenessssnsssesenesessassesesesessssnssesenessassssesenenens 87

I



CONTENTS

CONTENTS

ADStract(In CRINESE)....ueeicerssssariecssssnniesssssassscsssssnsssssssssnssssssssssssssssssssssss 1
Abstract(In English) .......cccovvviiccciinnnnicccssssnniccssssnniccsssssnssssssssssssesssssnssssss 3
Chaper I INtroduction ..........coceeeceessesecssesaesassassansansssssssassnssassnssssssssssssass 5
Section I Targeted therapies in colorectal cancer and K-ras mutation ................. 5
Section II Technique for K-ras mutation detection based on PCR............c.ccccuee... 9

2. 1 Non-real-time PCR methods..........ccceeiiiiiniiiiiieieeeeeeeeeee 9

2. 2 Real-time PCR methods.........cccoviiiiiiiiiiieceeee e 10
Section III Research contents of this dissertation................. w13
REFEIEIICES uueeeunieiniiiuirinensiintenstentensnecsseessesssesssassssessssesssnssssesssnssssesssssssassssassssessaans 14

Chaper II Application of probe melting curve analysis combined

with different PCR strategies in K-ras mutation detecion..................... 17

Section I Molecular beacon melting curve analysis combined with PCR of

COMIMON PIIIMETS eevvreerssareesssssssesssssssssssssssssssssssssasssssssssssssssssssssssssssssssssssssssssssssssssssssss 17
Lo 1 INtrOAUCTION .....eiiiiiiiiieiie ettt et et 17
1. 2 Materials and methods ..........ccooirieiiiiiiiiieeee e 19

1. 2. 1 Cell-line DNA and clinical samples ..........ccccceeoueriieniieiieniieieeee 19
1. 2. 2 Mutant and wild plasmids construction..............cecceerveevreenreenreennnnne. 19
1. 2. 3 Primers and probes desig@n..........ccoecuieriieiiieniiiiiieiieeiieee e 20
1. 2. 4 Principle of the method .........c.cccoeeviiiiiiiiiii e 22
1. 2. 5 Probe melting curve analysis of target sequences ...........c..cceecueeueenne 22
1. 2. 6 Establishment of the System ...........ccceevviviiiiiiiiiiiiiiieeieceeeeee e 23
1. 2. 7 Sensitivity and selectivity analysis.......ccccevvueriiieniieenienieeienieeeee 25
1. 2. 8 Clinical samples deteCtion.........c.cccvereuierieeiieeniieeieeie et 25
Lo 3 RESUIES ittt et e 26

v



CONTENTS

1. 3. 1 Result of target sequences melting curve analysis ..........cccceevueennenne. 26
1. 3. 2Tc value for fast COLD-PCR .......ccccceriiiiniininininininciceceene 27
1. 3. 3 Results of sensitivity and selectivity analysis .........ccccceeeeeveeriieennenne 28
1. 3. 4 Results of clinical samples detection...........c.eccveeeiierieenienieenieenenenn, 32
L. 4 DISCUSSION ..tieuiieeiiieiieeiteette et et et et e steestte et e esbeesate e bt e eabeenseesaseenbeesnseennes 40

Section II Molecular beacon melting curve analysis combined with PCR of

allele-SPecific PriMErs ......cicoviicrvricrserisssnrisssnrcsssncsssncssssscssssesssssessssesssssossssnsssssssssnes 42
2. 1 INErOAUCTION . ...ttt sttt et esae e 42
2. 2 Materials and methods ............ccooeeiiiiiiiiiieee e 44

2. 2. 1 Cell-line DNA, plasmids construction and clinical samples.............. 44
2. 2. 2 Primers and Probes deSign.........cccevouieiiieniiiniieniieiieseeeee e 44
2. 2. 3 Principle of the method .........c.cooviiiiiiiiiiiiiiiieeee e 45
2. 2. 4 Establishment of the system ...........cccocciiiiiniiiniiinieeeeee 46
2. 2. 5 Specificity analysiS.......cccecvueeeuierieeiiieniieeieeree ettt ere e ere e 48
2. 2. 6 Sensitivity @NalySIS ......cceerieriiieriiiiiieriie ettt 48
2. 2. 7 SelectiVIty analySiS ......ccveeveecuierieeiieniieeieeiee et esiee e esaee e 49
2. 2. 8 Clinical samples deteCion .........cc.eereeeriierieeiiienieeeesee e 49
2. B RESUIES e 49
2. 3. 1 Results of specificity analysis ........cccceceeriieiieriiiiiienieeeenie e 49
2. 3. 2 Results of sensitivity analysiS.......cccceeeveerrieeeniieeniieeenieeenieeesvee e 52
2. 3. 3 Results of selectivity analysis........cccceeveeriieiiieniieiiieiieeeee e 53
2. 3. 4 Results of clinical samples detecion...........ccceeeveerciiereenieenieeeieenieenns 53
2. A DISCUSSION c.uteiiieiiieeiteeiee sttt eite ettt e st e et e st e e bt e s steeabeesaeeenbeesseesnseesaeesnseenees 57

Section III Molecular beacon melting curve analysis combined with PCR of

Tm-tagged primers 61
3. 1 INrOAUCHION ...ttt ettt 61

3. 2 Material and Methods...........cceeeiieiiiiiiiieee e 62

3. 2. 1 Cell-line DNA, plasmids construction and clinical samples.............. 62

3. 2. 2 Linear positive plasmids.........ccccerviierieniiiiieniieieeeeee e 62

3. 2. 3 Primers and Probes deSign.........ccecveviieriieeiienieeiienieeie e 63



CONTENTS

3. 2. 4 Principle of the method ..........ccoooiiiiiiiiii 65

3. 2. 5 Establishment of the SyStem ..........ccceovieriieiiieiieieeieeee e 65

3. 2. 6 SelectiVity analySiS ......cceecuierieeiiieiieeiie et 66

3. 2. 7 Cut-off line for the SYyStem.........ccccveriiriiieiiieiieieeeecee e 67

3. 2. 8 Clinical samples detection...........cecueeriieiiieniieniie e 67

3 B RESUILS o 67

3. 3. 1 Results of selectivity analysisS..........ccecueevieriiiiiieniiienienieeeeee e 67

3. 3. 2 Cut-off line for the SYyStem.........ccccveriieiiieniieiiecieeieece e 70

3. 3. 3 Results of clinical samples detecion..........ccceecveeveerieenieniiieniieeieenee 71

3. A DISCUSSION ...ttt ettt ettt ettt et sttt eae e saeens 75
RETEIEIICES cuucnneenrineereieetinneninstentenecsiinneseessesssessnessessssssnsssesssessasssessasssssssessassssssns 81
ACKNOWICAZEMENL....uuueeeiieiiiineecssrsnnnnnecsssnnenecsssssnsenesssssssencsssssssnscsssnsans 87

VI



S

"=

PR S IR AL AL PR AT 22 PR AR R AR, ARk, JELBIE R RAR T UL 224
NP AE FE AV T R — R A= o T ARe, BRSS T or TR IANATT . fEAL
YRR G B B T, BEx EGFR HIEE[VEYT 254 H RIS 1 3 oK. {H
KEWIERY], B — BB H Koras 25 2 SR 7#S 5 12 M1 13 _EHIR
A, ARILH X EGFR ¥ERVATT 5NN 250 A, Keras BEPRIIRRAE 5 Al
NEE B A AT EGFR L [R)R T 1A 2810 7

PRI R AAE AR A K I B AR R 35, SRR (1 BER M vy . AR SC LA
REHIE AR i e AT N AR BOR T &, 45 S ARSI B HORN PCR S 57
FRIGAUE T = FPEERS Koras & W-CRPRAZEBIGIE R, =Pk R PR Rk
A S T e R S AL ARSI

TR —ME RS, AR M 2B R 70 3 5 AXFR PCR FIAXS
FriRiE COLD-PCR &5 ook, JFXS AN SEEORIIAINGE 71T 1 LA &5
RH, AXFFRERIE COLD-PCR W ALK ) 5 £R AE I L4 0 @R A 1 10 5. 1€
HItRiE COLD-PCR Ja, X1 Tm {EFEARM LRI RATRA, A4 2 AL £ A
RAR 5%3R 2] T 0.5%. ARRBERE, — & — BRI -EAh i WA
BEATHERR IR A, BRSO TOVE I RIRE Al R AR

FESR AR A, BATPRSR A th 28008 50R 5 Fe A1 Re 57 1 5 MR A KSR
PCR ¥ 845 Gk, ST 141X Keras % W-ER R VER A R . BUAA R
L RRIEFEIERT LA R 0.01%-0.5%, AT EAX 0 FE A I RAS A, s ni 28 HUR
%, PRAFER LR

FESR =R A, BATRREHE R th 20 SR 5N LI S s & hnic i 514
VHBORE SR, AL T #XS Keras & WL RAZF P ERIME R N LA
PRBEBCRII T —EZ MR FENFE S X 0. RAEWERRERIERE, &
FEVERGR (0.5%), AT RAXMHE i R AR A

=R R RIS R Kappa — SRR, = AR R0 —EUER AR

A SRR I I iR AT B T e AR A i S AL A A I o



S

K. Keras; WREMAMENZE M1 AXHK PCR



ABSTRACT

ABSTRACT

Somatic mutations are often found in cancer. In recent years, several somatic
mutations are taking roles as biological molecular markers which are used in
prognosis and therapy efficacy prediction in cancer, which serves in molecular
targeted therapy. Targeted therapies against EGFR have made significant progress in
chemotherapy-refractory metastatic colorectal cancer. However, a number of studies
have shown that patients who carry mutations on the codon 12 and 13 of exon 2 of
K-ras gene are resistant to the targeted therapies against EGFR. K-ras mutant-status
can be used as an effective predictor in EGFR targeted therapy.

Somatic mutations are often rare mutations with a large amount of wild DNA
background, making it difficult to detect and identify. In this study, we developed and
validated three detection systems for 7 common mutants of K-ras gene. We used
probe melting curve analysis as basic technical platform, and combined it with
different kinds of primers and PCR strategies. The methods used in the three systems
are also expected to be applied in other somatic mutations detection.

In the first assay, we combined probe melting curve analysis with asymmetric PCR
or asymmetric fast COLD-PCR, and compared the detective capability of the two
PCR strategies. The study shows that the enrichment ability of asymmetric fast
COLD-PCR is about ten times better than usual asymmetric PCR. The selectivity of
the asymmetric fast COLD-PCR is 0.5% and the other is 5%. The assay is simple and
fast and can screen for seven common K-ras mutations in one reaction, while the
drawback is that it can’t give the exact mutant types.

In the second assay, we combined probe melting curve analysis with asymmetric
PCR and allele-specific primers, and constructed an 8-tube detection system for 7
common mutations of K-ras gene. The selectivity of the assay is 0.01%-0.5%. It can
also give information of exact mutant type of the sample.

In the third assay, we combined probe melting curve analysis with asymmetric PCR
and Tm-tagged primers and constructed a 2-tube detection system for 7 common

3



ABSTRACT

mutations of K-ras gene. Artificial Tm label technique achieved screening and
distinction of multiple mutations in one tube. The selectivity of the system is 0.5%.
The assay is fast, simple, and can give information of exact mutant type of the sample.

Kappa test result showed high consistency of the three assays. The methods used in

the three systems are expected to be applied in detection of other somatic mutations.

Keywords: K-ras; Probe Melting Curve Analysis; Asymmetric PCR
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