ERGS: 10384 HRE B
5. 24520141153466 ubDC

— Y 4
J2 1) A}
Mok ¥ o X

HnRNP A2/B1 IS BRiE 20 PR K2 (B) 7T fFa%
R ZREEBIERSIMR

Regulation mechanism of HNRNP A2/B1 inhibiting breast
carcinoma cell epithelial-mesenchymal transition and

metastasis

x| F

HIFRITFRL: FHAHIRL. ERHKI IR
+ W & M HEHF
WXRXBH: 2017 55 A
w LA FF0FR]: 2017 5F 5 A
ERMTZREER:
A
2017 % 5 A



HoRNP A2/Bl RERBREREREREFIRBRYRPRELERELER R LHEFEE  HRE Y CLE BRY B K




BIIARFFMIL TR G4 RR

ANELZ AR SCRANAETITIR T T, T 58 AT TR o
AN LEE TS HAA N stk e R R TR, 4E L
FrEE 207 AR B, R EA BN CRTTRABE T AL AR

e G )

T3 AL SN DR
FIAE TR, 3R1S ( ) PR (A1) 29 EiSEEG wE )
wilh, 1E ( ) SERESEN.  GEEU LB S NIES

VR R 91 T NS A PR, AR T B A, T AAME

FIAN (%4 -



BIIXFZFMLIEFRE R FER

AN TR SRS (AR N R ] 22 7 26 018 47 St 7 %)
FRURE TR B AN I BE 2208 5, FF 1) 18 B ] sl i e HLA I 38 A A
WO CEFRAUTUCT R T/ 5 FOVFSA AR08 SCHE N TR 1 b
LA FER A A A Pl o AR N R SR TR SR A N Ve ST 2 [
i S 57 ¥ S S BT B R AT A R S g S AR S s AT
G AR, RASZEN gaEnelcs 2w r NE BB #2071 3.

AR E T

( ) LA ETTRPAIRTE & 25 8 A% O0E IR A AL 3L,
¥ FOH A, RS BN

( ) 2. AR, T IR AL
B AR S 4T “ V7 BUH BN AE . DRE A8 SN
O EITRARER N ZHEL AR, REFE TR REER

S E R AR SN AT AR S I IR AEE 1), BRIA Y
AT, Y9IE R RAL

Sﬂ

AN (%42 -



H %

H %

FEE ceoreoeeeeeeeeeeenen e e e !
ADSEFACT ==mmmmmmmm e e e e e e e e e e I
B—W WIE oo s L 1
1.1 AR R R R e . e e e 1
Lol R A 1
112 JUBREER BT . 2
1.2 BB FE R (BMT) . e e 5
L2 L EMT B, e 5
1.2.2 BMT 5 E—cadherin. . ..ot e 5
1.2.3 BMT B R o 6
1.2.4 EMT 5 TGFBAZ S ER « .o e 8
1.3 HnRNPA2/B1 BOThBESTRGTHER ... .o 9
1.3.1 HnRNPA2/BL HUZEK. oo e e 9
1.3.2 HnRNPAZ/BI SHRMITE R, o 10

1. 3.3 HnRNPA2/B1 Z 53 MR ASBYH. ..o 12
1.4 BIF4EED (Profilin) fIE#R. ... ... .. 12
1.5 CRISPR/CasY BEERIEIA . ... 13
1.6 KW AFMRIERENERN. ... 14
L 16
2.1 R . 16
2 L L AR . 16

2. 1. 2 B 16

2. 1.3 FRIARAR 16

2 LA R G 17

2. 1.5 FE BB RER 20

2. 1.6 B IR 22



2. 2 T o e e 25
2. 2.1 A G TE 25
2. 2. 2 T 26
2.2.3 JRIFEEL . oo 32
2. 2 A g 33
2.2.5 FIZEAZERFR HnRNP A2/BL4HBERE . ..o 33
2.2.6 HHEFPEE S Western=blot. ..o vuui i 35
2.2.7 SERFSEB PCR. . oo 38
2. 2. 8 I 40
2.2.9 WA AKEM F-actin. . ..o 41
2.2.10 Transwell S0, ..ot 41
2. 2. 11 MTT B . o e e e 42
2. 2. 12 RNA Tl o oot e 42
2.2.13 BIMITEIG . 44
2.2.14 AEAHE S HE Jeth o 45
2.2.15 IBAAL ... 47
2.2.16 JFRIERERUES (SILAC) oo 48
2. 2. 1T R T 49

o gL T S ——— 50

3.1 TRERLBR HnRNPA2/B1 FLAREARMREOME .. ... ... .. 50
3. 1.1 CRISPR/Cas9 ¥J%f 5E rii % HnRNPA2/B1 [t MDA-MB-231 ZHfiii &. . .. 50
3.1. 2 HnRNPA2/B1 FER%5E R 5% 11 B o R 40 rh R R Bl ..ol 52

3.2 HnRNP A2/B1 X FLBRFEMBATSASEIEM ... ... ... 53
3.2.1 @i HnRNP A2/B1 M7 LI 40 M MDA-MB-231 BT . ... ... ... 53
3.2.2 HnRNP A2/B1 {75 MDA-MB-231 4 E 28 F-actin BA........... 54

3.3 HnRNP A2/B1 ZE4RSMIPEITLARE TR ... ... .. 58
3.3.1 Ffk HnRNP A2/B1 {23k LIRS MDA-MB-231 4HALRE .. .......... 58
3.3.2 RATHIFLIRE MDA-MB-231 ZHJfd HnRNP A2/B1 FRikf% ... ... .. 59
3.3.3 HnRNP A2/B1 fEARIFLEAHMARIRIEZ R ..o 60

3.4 HnRNP A2/B1 ZE{FPI$] MDA-MB-231 FLEREEARRERE ........... .. 61

3. 4.1 FEgF% HnRNP A2/B1 23 MDA-MB-231 ZHMu ScBe e it fs ... ... .. .. 61



H %

3. 4.2 Bl HnRNP A2/B1 {23E MDA-MB-231 4Hfi0 [ K MEftidEss ... ... ... 63
3.5 EliB& HnRNP A2/B1 3P4l MDA-MB-231 (A e sEFI R IEEE . ...... .. 65
3.6 HnRNP A2/B1 ZEAFLBREIGREARTHTIE ... 68
3.7 EiB& HRNP A2/B1 NEREBXEMERES. ... L. 70
3.8 P& HARNP A2/B1 {3 T MDA-MB-231 EMTBUB4E. ................ 73
3.9 HnRNP A2/B1 iB3E Profil in #MHIFLAREMTERS . ... ... ... ..... 74

3.9.1 HnRNP A2/B1 541 Pfnl 1 Pfn2 () mRNA. BREKF ..o ool 74

3.9.2 HnRNP A2/B1 4355 Pfnl. Pfn2 mRNA AHEAER. ... ... ... 77

-t uf R Y=] ) NNG—— 1o 7, €A 79
4.1 HnRNP A2/B1 ZESLIS B OREEREPE . ... e 79
4.2 HnRNP A2/B1 B BRI BT AS . . oo e e 79
4.3 HnRNP A2/B1 IS BRI e . . ..o e 81

4.3.1 HnRNP A2/B1 fEARANMMH| ARl iR B 5. ... ... ... .. 81

4.3.2 HnRNP A2/B1 7EAR PN HNHI LRIl #Fe. oo 84

4.3.3 HnRNP A2/B1 HIGIRFAIIEII R FR . oo 85
4.4 HnRNP A2/B1 3NEISLESEE ENT B9 FHLEIRRSS .. ... 86
4.5 BRI R G RE ..o 91

BRE L5 - 92

BEYRR --wormororlmdi e mememen e 93

- A S — 113



Contents

Table of Contents

ADbstract in Chingse =-==-====smmmmm e e e e e e I
ADSEFaCt === mmmmmm e e e e e e e e I
Chapter 1 INtroducCtion =-=======smmemmm e e e 1
1.1 Breast cancer and breast cancer metastasisS...........coceverereriiiiiiiniiieiee, 1
1.1.1 Introduction t0 Dreast CANCET ..........cuiieiierieiicie et 1
1.1.2 Advances in breast cancer MetastasiS...........covvreririeeiieiiieis i 2
1.2 Epithelial-mesenchymal transition (EMT) ..., 5
1.2.1 Introduction t0 EMT ....c..oiiiiiiiiiieeeee e 5
1.2.2 EMT and E-CAONEIIN ..c..oiviiiiiiiee ittt 5
1.2.3 EMT transcription fTaCtOr .........ccciiiiiiiiiiiii i 6
1.2.4 EMT and TGFP signaling pathways.......c..ccovveiiriiiieniieee e 8
1.3 The function and research progress of HNRNPA2/B1 ........c.ccccoovvvviceivenenne 9
1.3.1 Structure of HNRNP AZ2/BL ... ..o 9
1.3.2 The relationship between HNRNP A2/B1 and tumor ..........cccooovvvninieienennen, 10
1.3.3 HnRNP A2/B1 participates in transcription and variable splicing.................. 12
1.4 Advances in Profilin reSearch...........ccocooiiiiiiiiiic e 12
L5 CRISPR/CEST .....oi ittt ettt st sne e sneenrees 13
1.6 The concrete research work of this thesis and its scientific significance....... 14
Chapter 2 Materials and Methods -=--=-========smsnmmmmmmm oo 16
2.1 Experimental Materials ... 16
0 00 O | TSP 16
2.1.2 Experimental animalS ... 16
2.1.3 PlasSMid VECTOIS. .....ccueeuiiieieiieite sttt sttt 16
2.1.4 ReAQGENTS AN AIUGS....c.veieieieiiirieiie ettt 17
2.1.5 The main equipmMeNt SUPPIIES ......ccv i 20
2.1.6 Laboratory - OWNEM FEAGENTS .......ccvrreeieieie ettt 22

2.2 EXPeriment MetNOUS .........oooiiiiiiiieiee e 25



Contents

2.2.1 CeIl CUITUIE ..ottt 25
2.2.2 MOleCular CIONING......ccuiieiii e 26
2.2.3 Plasmid eXIraCtiON .........coveuiiiiiieiesie et 32
2.2.4 Cell tranSTECLION .....cveiieiieie e 33
2.2.5 Construction of stable knockout HNRNP A2/B1 cell lines ........cccccoovevvennnnne. 33
2.2.6 Protein extraction and Western-bDIot ..........ccooveieniinienieeseee e 35
2.2.7 Real-time quantitative PCR.........ccciiiiiiee e 38
2.2.8 IMMUNOTIUOTESCEINCE .....c.vveviieiiecieee e e s 40
2.2.9 FIOW CYLOMELIY ...ttt bbbt 41
2.2.10 TIANSWEIL ...ttt nre e enes 41
2.2.11 MTT Proliferation eXperiment...........ccooverereiinine e 42
2.2.12 RNA IMMUNOPIECIPITALION .....cviiiieiieiieieie et 42
2.2.13 ANIMal EXPEITMENT .....oeiiiiiiiiie e it 44
2.2.14 Paraffin embedded and HE............oooo i e 45
2.2.15 IMMUNONISTOCNEMISIIY ...t 47
2.2.16 Mass spectrometry sample preparation (SILAC) ...ccocvviiiceniinininieiennn, 48
2.2.17 StatistiCal @NAIYSIS ......covoiiiiiiii e 49
Chapter 3 Results and Analysis ==-====ssmmmmmmmmmmm oo 50
3.1 Construction of stable knockout HhRNP A2/B1 breast cancer cell line ....... 50
3.1.1 MDA-MB-231 cell line with stable knockout HNnRNP A2/B1 was constructed
DY CRISPRICAST.......ccuiiiiiiiiee e bbb 50
3.1.2 The knockout mechanism of HnRNP A2/B1 in stable knockout monoclonal
01 | SO SPSUPSRRR 52
3.2 Effect of HNRNP A2/B1 on morphology of breast cancer cells...................... 53
3.2.1 Knockout HhRNP A2/B1 changes the morphology of breast cancer cells .....53
3.2.2 HnRNP A2/B1 regulates MDA-MB-231 cytoskeleton F-actin polymerization
...................................................................................................................................... 54
3.3 HnRNP A2/B1 inhibits breast cancer cell migration in vitro..............cc......... 58
3.3.1 Knockout HNRNP A2/B1 promotes breast cancer cell migration.................. 58
3.3.2 The expression of HNRNP A2/B1 in MDA-MB-231 cells was low................ 59
3.3.3 Expression of HNRNP A2/B1 in Different Breast Cancer Cell Lines............. 60

3.4 HNRNP A2/B1 inhibits the migration of breast cancer cells in vivo.............. 61



Contents

3.4.1 Knockout of HnRNP A2/B1 promotes experimental lung metastases in

MDA-MB-231 CEIIS ... ettt 61
3.4.2 Knockout HNRNP A2/B1 promotes spontaneous lung metastasis of
MDA-MB-231 CEIIS ...ttt enes 63
3.5 Knockout HNnRNP A2/B1 promotes spontaneous lung metastasis of
MDA-MB-231L CRIIS ...ttt enes 65
3.6 Expression of HNRNP A2/B1 in clinical samples of human breast cancer ...68
3.7 Bioinformatics Analysis of Differential Protein of HnRNPA2/B1 ................ 70
3.8 Knockout HNRNP A2/B1 promoted the development of MDA-MB-231 EMT
...................................................................................................................................... 73
3.9 HnRNP A2/B1 Regulates Profilin to Prevent Breast Cancer Cell Migration
...................................................................................................................................... 74
3.9.1 HnRNP A2/B1 affects the mRNA and protein levels of Pinl and Pfn2.......... 74
3.9.2 HnRNP A2/B1 interacts with Pfn1, Pfn2 mRNA, respectively ........cccccue..e. 77
Chapter 4 Discussion and OUtlOOK ==-=======mmmmmmmmmmmm oo 79
4.1 Stable knockout of HNRNP A2/B1 in breast cancer cells ..........c.ccoovviinnnnn 79
4.2 HNRNP A2/B1 affects breast cancer cell morphology..........cccocoviniiiinnnnn, 79
4.3 HNRNP A2/B1 inhibits breast cancer metastasis...........cccooverereieneniniieinennnn 81
4.3.1 HnRNP A2/B1 inhibits the invasion and migration of breast cancer cells in
AL SR 81
4.3.2 HnRNP A2/B1 inhibits the metastasis of breast cancer cells in vivo.............. 84
4.3.3 The relationship between HnRNP A2/B1 and clinical breast cancer .............. 85
4.4 Molecular Mechanism of HnRNP A2/B1 Inhibiting EMT in Breast Cancer 86
4.5 Inadequate and prospects of the StUAY ..........ccooveveeeriesr e 91
Chapter 5 CoNClUSION =========mmmmmm e e oo oo 92
RETErENCE ==mmmmmmmmm oo e e e e e e e 93
ACKNOWIedgmEeNt ==-====nmmmmmm e oo e 113

APPENAIX ==mmmmmmmmm e e e e e e e 115



RS

/3

FURIE A R AU S R AE T R . BRI R AL (EMT) FI3
JieE e % V)M R . HnRNP A2/BL 1F B DI RE I R H, E NSRS T
REBERE PR BISCHE A, (RN LR S R I 7 B 23T LR e A I

AN B LA R PR KSR 7T T HNRNP A2/B1 [ 15 K5 LR
AR MAHDENME: R CRISPR/Cas9 £: R Zmkk 241, Hifa € m% HnRNP A2/B1
SLIA ) MDA-MB-231 Al MCF-7 40/t 2, AR /K7 B4 HnRNP A2/B1 %3
B 2H ] EMT LA RAR 2B RN AL R I G0 s G i 4] AR Bl Sl 3 M e R A AT B R
PEEL RS R, ZEAR A0 HT HNRNP A2/B1 354 A8 A it L e 4 5% 7% i
JIRIEEI ;s R ADE B G R FEAR ) sl &S A, R A R /K T 7L
FEI) HNRNP A2/BL M)RIEAA. 1Ak, R SILAC HiARBRICHR DL A MR
HNRNP A2/B1 [z gk, 15310027 B QT AME Bt 8 RNA 4
PEILVE SR IGAIE 2 5 28 11 Profilin 5 HnRNP A2/B1 {155 %, #— 2 % HnRNP
A2/BL fEFL AN EMT (2 28 FIEL B2 I FH AL .

AW T R S R A FL AR 40 il MDA-MB-231 A1 MCF-7 4iifiid &% HnRNP
A2/B1 [N, B WA HnRNP A2/B1 (HFLEMEAEL, KB HRNP
A2/B1 I3RS 5 LR A M RITEAS  ZHME AR E ARG, g i A AR S8
HLRsF HNRNP A2/B1 (7L IRE 41 HE F-actin R & B8 Jitlam; @it A sMR 2R/
=, RIEENTE, SEISE B PCR SEE A LM% HNRNP A2/B1 fie#E 3L e R 22 3L
Fo, (et EMT B84k, T L bR &Y E-cadherin. L1778 Fidr &4 N-cadherin
Al Vimentin, i E-cadherin H)#s4M#IA 5 Snail. Twist. ZEB1/2 ] mRNA
Ky A AN FU B A R A B, = I RS R D AH Y HnRNP A2/B1 3%
& HARIT #% B8 0 20 B =it A2 e ) B FLIE 40 M 2 (MDA-MB-231) H1, HnRNP
A2/B1 H A W E LT RE IR R (MCF-7) K. I8 I #4 B R BR A 3 it
TR [ R R RS R, R L% HNRNP A2/B1 J5/INBRE T BURI RS ) B35 %
A, AELAEARE S0 P It 1 1 P it 2 A ST v AR B 8 45 1 DA B e R M A
TR, R T LR A R R R o R AR IS B o BT I R AR 11 e



RS

A, RO ILIRE T HnRNP A2/B1 185K B K T IR A LR S
TRASIFIE o BeAb, i 5 AR R HNRNP A2/B1 )2 578 A M B W 7T 45 R R,
HNRNP A2/B1 (7578 H F 2 KBS EMT 5K KEGG (5 5 @A : Ml
EEE RN MR AN A EAEH . MAPK 48, JF HAIH
RNA G JTTE  SEI E B PCR LR 7T 1 HRRNP A2/B1 5 Profilin R H K &,
I HNRNP A2/B1 n] LL&E 4 Profilin () mRNA FiffaLaRIE, Stmggnm EMT
fRIEFE o

RS HRAESE T HnRNP A2/B1 /2 3 e EMT B SRR 7, BRIk K-F
5 MR R B ) R ARG JFRIB IR T B HnRNP A2/B1 145
4> THLH]: HNRNP A2/B1 Al figiimit Profilin 50 40 B 22 (K 208, AT 4400 661 7L Al
TR S RE T EIRA MM HNRNP A2/B1 415 (i FLIRE 7% (1
MU, Al PR FU IR e R IR TT 5 25 R A (it o B B A 4

R AL B ES A2BL; LR, ERIAFEFH, mieT4EEA,
CRISPR/Cas9 Fii[% 2 4:



Abstract

Abstract

Breast cancer metastasis is the leading cause of death in breast cancer. Epithelial
mesenchymal transition (EMT) is closely related to the metastasis of breast cancer.As
an important functional regulatory protein,HnRNP A2/B1 plays a key role in the
process of many human cancers, but its study on breast cancer metastasis and
molecular mechanism is not clear.

In this paper, the relationship between the expression of HhNRNP A2/B1 and the
metastasis of breast cancer was studied from the cellular, animal and clinical levels:
MDA-MB-231 and MCF-7 cell stable lines with knockout HnNRNP A2/B1 gene were
constructed by using CRISPR / Cas9 gene editing system. The effect of HNRNP
A2/B1 on EMT and invasion and metastasis of breast cancer cells was detected at the
cellular level;By constructing an experimental lung metastasis model and spontaneous
lung metastasis model in nude mice, the effect of HNRNP A2/B1 expression on the
metastatic ability of breast cancer celis was detected in vivo; Using bioinformatics to
analyze high-thropughput chips containing clinical samples and investigate the
expression of HNRNP A2/B1 in breast cancer with different migration levels. In
addition, stable lines with knockout and non-knockout HNnRNP A2/B1 were stabilized
by SILAC technique ,the differential proteins were analyzed and performed by
bioinformatics analysis; The relationship between HNRNP A2/B1 and Profilin protein
was explored by RNA immunoprecipitation which further explore the mechanism of
HnNRNP A2/B1 in breast cancer cell EMT invasion and metastasis.

in this study, the HnRNP A2/B1 gene of human breast cancer -cell
MDA-MB-231 and MCF-7 cell line was successfully knocked out.We observed the
morphology of knocked-out HhnRNP A2/B1 breast cancer cells and found that the
expression of HhNRNP A2/B1 was significantly correlated with the morphology and
cytoskeleton of breast cancer cells. Flow cytometry showed the F-actin content in
knockout HNRNP A2/B1 breast cancer cells was increased and the polymerization

ability was enhanced Transwell. Real-time quantitative PCR and Western blot showed



Abstract

that knockout HNnRNP A2/B1 promoted invasion and migration in breast cancer;
Promoted the transformation of EMT by down-regulating E-cadherin and
up-regulating mesenchymal markers N-cadherin and Vimentin; And also up -
regulated the transcriptional level of E - cadherin 's transcription factor Snail, Twist,
ZEB1/2. In the same breast cancer population, the expression of HNnRNP A2/B1 in the
high mobility cells was lower than that in the low migration ability cells. In the high
mobility breast cancer cell lines (MDA-MB-231), HnRNP A2/B1 expression was also
lower than that of low migration ability cells (MCF-7). By constructing a
experimental lung metastasis model and spontaneous lung metastasis model in nude
mice, it was found that the ability of subcutaneous tumorigenesis was significantly
reduced after knocking out of HNnRNP A2/B1, but the lung nodules and metastasis of
nude mice in experimental lung metastasis and spontaneous lung metastasis
significantly increased the degree of malignancy, and promote the breast cancer cells
metastasis in vivo. Using bioinformatics to analyze high-thropghput chips containing
clinical samples.We found the expression of HNRNP A2/B1 in high metastatic breast
cancer was significantly lower than that in in situ mammary ductal lesion. In addition,
the knockout and non-knockout HnRNP A2/B1 differential protein network study
results show that HNRNP A2/B1 differential proteins are mainly related to the
EMT-related KEGG signaling pathways are: actin skeleton regulation, cell adhesion,
Extracellular matrix receptor interactions, MAPK, etc. The relationship between
HNRNP A2/B1 and Profilin protein was explored by RNA immunoprecipitation and
real-time quantitative PCR experiment. It was found that HhNRNP A2/B1 can bind to
Profilin mRNA and regulate its expression, thus affecting the process of EMT.

The above results confirmed HnRNP A2/B1 is a negative regulator of breast
cancer EMT, its expression levels and metastatic ability of breast cancer cells was
negatively correlated. We initially revealed a new HnRNP A2 / Bl regulatory
molecular mechanism: HnRNP A2/B1 is involved in the assembly of cytoskecules by
Profilin, thereby inhibiting the migration of breast cancer. The results contribute to a
deeper understanding of the inhibitory effect of HhNRNP A2/B1 on the metastasis of
breast cancer and provide an important theoretical basis for the treatment and drug
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development of clinical tumor metastasis.

Keywords: HnRNP A2/B1,; breast cancer; EMT; profilin; CRISPR/Cas9
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