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Abstract

Objective: To establish non-small cell lung cancer (NSCLC) cell lines stably overexpressing MST4 and
dnMST4 Transgenes by lentivirus infection, respectively. Methods: The fragment of human MST4
gene was amplified by PCR from the template of pcDNA3.1-MST4, and subsequently cloned into the
plasmid of pCDH-RFP to obtain the final vector of pCDH-MST4-RFP, which was used to produce lenti-
viruses carrying MST4 and RFP genes. The fragment of human dnMST4 gene was also amplified by
PCR from the template of pcDNA3.1-MST4 T1784, and subsequently cloned into the plasmid of pHEZG
to obtain the final vector of pHEZG-dnMST4, which was used to produce lentiviruses carrying dnMST4
and GFP genes. To establish human NSCLC cell lines stably overexpressing MST4 or dnMST4, lentivi-
ruses harboring MST4 and RFP genes were employed to infect A549 and HCC827 cells, and lentivi-
ruses harboring dnMST4 and GFP genes were also employed to infect A549 and HCC827 cells. The
expression levels of MST4 and dnMST4 in the infected lung cancer cell lines at RNA and protein le-
vels were detected by Western blot and qRT-PCR. Results: The lentivirus vector of pCDH-MST4-RFP
and pHEZG-dnMST4 were successfully constructed. NSCLC cell lines A549 and HCC827 harboring MST4
and RFP transgenes were generated showing the expression of both MST4 and RFP transgenes. And
the cell lines harboring dnMST4 and GFP transgenes were also generated showing the expression of
both dnMST4 and GFP transgenes. Conclusion: NSCLC cell lines A549 and HCC827 stably expressing
MST4 and dnMST4 transgenes were generated, which had laid a great foundation for further re-
search on the biological function and mechanism of MST4 in the malignant process of lung cancer.
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FoATHTHAR TR SL 0 45 AR MST4 ] e 26 J0 | ifiJes 40 it b J - 8] 78 i #% 1L (Epithelial-mesenchymal transi-
tion, EMT) IR 2856 A5 E R vh R A B BEAE o DRI, FRATAUL A3 A S A e i 3RIE N MST4 FI A MST4 5[
) 4 47 1 €28 4 (Dominant negative mutant MST4, dnMSTA) RIS A AIRE, 9 —EHF 5% MST4 7E e
A AR P B A AR R LT RGP LA

2. M5 A%
2.1. MRS

2.11. itk

kit FRk Bk p)CDH-CMV-MCS-EF1-RFP (i 5 iy pCDH-RFP B, pLV-conl)#J H System Biosciences
(SBI)A ] s 5 il ik i ki pHAGE-fullEF1a-MCS-IzsGreen (fi 5y pHEZG 5% pLV-con2) Hi Jeng-Shin Lee
BB BUBUTR pCDNAS.1-MST4 fil pPCDNA3.1-MST4 T178A i Hans Clevers (%28 T; psPAX2 fi
PMD2.G 1895 5 t A< iUk i H A PLOK# Didier Trono 18+ %

2.1.2. FERH

ERE TagDNA E&HF. MRAIPENUIEE Xba 1. EcoR | A1 BamH I, dNTP. PR S b %5 (BKL)
A A DNA B S A BSGAGR & SRR (BAP) IR & . A Trizol 1%t € & PCR
& E TakaRa A . FURFREGAF G F = [E QIAGEN AF], Mg fi#% 447 Lipofectamine2000. 4
J 5 7% H RPMI 1640 15 775 . 40 A 85 % FH 5 25 1176 - OptiMEM®1 Medium A1 DMSO #4145 3 [ Invitrogen
NFE]L, GHIRE SRR FERA S5 E Corning 2 7], 4RMORE % BG4 M5 0 74 [ PAA A F], SR
A& H Bio-Rad 2w, JUEEWEH AXYGEN 2 F], 0.45um PVDF & H Millipore A®], SDS HH
FEGZ R AL SR AEAE ), RIPA A RAMIE B 55 1H Thermo Fisher A w], & HFEIGAM &, ECL L
RGN B YY) AT, BCA SRR NN & H FgE R RATF, EEAST Marker 19H
Fermentas /A @, MST4 —$1(ab52491) F 4 — 1 (ab7090) 311 [ T [E Abcam A =], HAt BRI A E 7 8k

HE E A 2Rt 4 b4t
2.1.3. ZHpR
293FT AN 3777152 WoCHR[4], A 20l AS549 Al HCC827 4Rk 7= A& 10%MA 45 I i (1)
1640 £ 755k,
22. H

2.2.1. #%H A MST4 §1 RFP EEM1ERHFRIEE F pCDH-MST4-RFP BI#I3E

UL pcDNA3.1-MST4 Fii AR , #1514, PCR #7314 MST4 F Bt(1.251kb) (5°—3), In-Fusion 5%
% F| A EcoR I/BamH | X)) pCDH-RFP H (£- % EcoR | 1 BamH | [EFTIA7 55), MST4 1E R4 A J7 A :
FN R B # RS 5EIE EcoR | AT, 2130 5Ein BamH | A28, R HPkE TR, FRHEEt
H—PAT N AEEY SE, %E IEF 84 a4 % pCDH-MST4-RFP.

2.2.2. #H A MST4 EER B4 51432 {F dnMST4 (Dominant Negative MST4)#1 GFP EE 18R ER
ik# & pHEZG-dnMST4 Boa
UL pcDNA3.1-MST4 T178A i ki AR, 5it514), PCR #1 MST4 T178A F Bt (1251bp) (5°—3°),
In-Fusion ¢ [% %2 %] Ff] Xba I/BamH | X{EF V) pHEZG 1 (fREF Xba | 1 BamH | [HEF I 15), MST4 T178A
IEFAHENTT A 30 BRI Ah B i 520 Xba | A7, 28 1R B R0 50T BamH | A 8. K H Bhik s s B B V%
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BURLAR BOFE— B AT I FIBg V)4 5E , % 5€ IER K844 4 44y pHEZG-dnMST4.

2.2.3. HIFEH MST4 1 RFP EENIEHS

T80 25 (1 B AR 5 82 WSCHR[3]. {58 Lipofectaming™2000 #5925 W3 ikl pMD2.G. psPAX2
FEI% #2f& pCDH-MST4-RFP L4 N\ 293FT 4ifiid, % Yv)f5 48~72 h, {5 Bh{E]E 76 i b Wl 22 20 40
Mk AT e, UiBH AN E R IhRIA RFP B, HiAFE 4RIl 5, 3000~4000 r/min &0 15 min LAE
AR S, B LERET EP F R &

2.2.4. HI&¥EY dnMST4 #1 GFP EE B E

e 70wtk 5 8) Lipofectaming™2000 K% 75 £ 3 i ki pMD2.G. psPAX2 Fl18 % 75 % 14
PHEZG-dnMST4 4694 N 293FT 40, ¥ Y5 48~72 h, i Bh{5) B 7 % 5 s W42 3 40 i HH 4 (0 758
VLI O ) FRIE GFP &, #AEE LRI )5, 3000~4000 r/min #5015 min LAE ZEAARERE T, KE
B LEWRET EP ER&H.

2.25. MIAREMIIERKH A RREREMEAR IR EZ RIE MST4 8¢ dnMST4 B fhifE ZHREHE

F 45T RFP B MST4-RFP {19 2 35 73 0 I N & AB49 B HCC827 4 fid (1) 41 i 77 L Y , JB% 4 6~12
h G, HEH 10%062 M5 1) 1640 3575 & MR g, 190 15 B4 5 24~48 h, 7E51E 56 B
TR . [FEETT HEZG 8t HEZG-dnMST4 F% 8% _EiE 20 SN N & AB49 B HCC827
MR RS R, Y 6~12 h 5, H&H 10%64: Mk 1640 £5 77 R B s e, 1895 128441
5 24~48 h, TEEIE PR RMET MRS

2.2.6. FHEE PCR (QRT-PCR)#&M AT L K E 4REakk MST4 8 dnMST4 #EEE R FRIE

dnMST4 4% LR J& MST4 B[R M £ SRAR R (SRR 7Y B | AR DG B TR G D e — SRAA), ‘B mT BA
FPHIEF AR MST4 SR E 1) ThRE: B dnMST4 [/E FAXAE T4 MST4 1 9mid & B 75 A MR ik ThRe, 7=
ATDIREE AN ER, AR MST4 fEG HUE N B RER . qRT-PCR il %% BL[Kl dnMST4 F1 MST4 K1k
FrH 5192 R, 5197 5aE 1 fis, GAPDH NN, 5IF4IMnE 1 Biors SR & L Aa e 41
Motk RNA, #5545 cDNA, KA SYBR J7izta il 4tk - dnMST4 F1 MST4 FRIAIK-

Table 1. Primers for qRT-PCR analysis of human MST4 and GAPDH expression
5= 1. qQRT-PCR #&iM i AAE k= MST4 1 GAPDH FRi&K B 514

EIE/EA S Gkl
MST4-forward primer TAACCGTACCCAGCAAGTCG
MST4-reverse primer AGATCCAGTGCTGAACCACC

GAPDH-forward primer GGTGAAGGTCGGAGTCAACGGA
GAPDH-reverse primer GTCATGGATGACCTTGGCCAGG

2.2.7. Western Blot #&i B 2 31 R A 2Bk F dnMST4 3¢ MST4 HERERIA

BOSHAE KA AN, PBS ¥t 2 K LATR /0 L BRARE 772, NG & RIPA ZERBIE AU ET EP
B, UK EFEZR 30 min, 4°CEHETT 14,000 rpm B0 20 20h, USRS, AR IR RS IR A
SE R VIR A IR 5 5 1 2R IR S R R [RIREVR 5 95°C & 5 min 281, ST FRAEAREM, B
539 A 50 pg JETE 10% SDS-ZR Bkl e e Lk AT ik o BB 1, SRR B IR B 18 A E0E
{bJ5 () PVDF JiE Lo K 1 x TBST Biifilff) 5% BSA = iEE 1 2 h, 8t marker dr R 46, BEBGES
2R (15 F R B I U RNARIC, 75 4CHEE R E —Pi(>15 h), HIIEN MST4 —Hii & kg N
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1:2000. % —#1(1:10,000 KFEE)EZEIFE 1 he KFE —Pi/5 1 PVDF A 1 x TBST BE¥% 3 k. &Ja,
W s R AL S R e ECL eI R H (15 A R ENE .

23. Gt FERE

it T IR SPSS 22.0 BT HEAT, PARALAEASE] (1 ELBCR FI P MO FEAS e, PISOLAEA t S
K Bcst HO PR A I BRI E AR, HL VPIREAR I BRI EASE, 45 P <0.05, MIFRZAERE HO, %
52 HL, YONPIOIAEA SR EME T 95% 1) {5 X B AFHAE,  PIREA Z 18] 122 5 BAT e i 4 8 o

3. R
3.1. 8% EH{F pCDH-MST4-RFP #1 pHEZG-dnMST4 HIHE R K E

3.1.1. pCDH-MST4-RFP # pHEZG-dnMST4 B3
P8 CONE” TR R BAACD BRSO R T 4 MST4 B dnMST4 (11805 558004, 4 2kdA 1
fir4 A pCDH-MST4-RFP Al pHEZG-dnMST4.

3.1.2. pCDH-MST4-RFP i FF FIES Y] % &

X 1 pl B R3%E B F 23 3 %04 UKL pCDH-RFP P=4pE 47 B dik, 7T L — 4%t K/ 5 R T B 7.484 Kb
AFF(E 1, Lane 1), HX5 pl A& PCR #1414 1) MST4 [ PCR P4t A7 gk, AT WL — 2645 K/ 5
TRIME 1.251 kb AHFF(K 1, Lane 2). 3154824 Vector DNA F1 Insert DNA J&, K —#d-AT iR R B,
SR B R PR AT TR A, IR0 E BE ALK IR BRL 5 I 1 R A1, SR EDUTTRE DNA 33— 25470 e G U) %5 7€
Z DN P48 AL R A B 1.251 Kb ) MST4 (36 R B 5115 [ 7 51— 35045 AR $2 k) . 2]
BamH | ¥t pCDH-MST4-RFP HLEgY] G HIJK, A DLILE—/N ok, KRS EIRTNAE 8.725 kb AHAF( 1,
Lane 3), N BamH | #1 EcoR | £ pCDH-MST4-RFP XUEGY) 5 Bk, AT LALLM A4, HKE 51 b
TRIME 7.474 Kb F1 1.251 kb #HAF(] 1, Lane 4). DL Eszigst F& 8] pCDH-MST4-RFP H 2RI .

bp M2 1 2 3 4 M

23130
9416 <
6557 —
4361 —

2322 =

2027 7 2000

1000
750

500

250
100

M1: DL 2000 (TaKaRa); M2: A-Hind Il digest (TaKaRa); Lane 1: pCDH-RFP
Vector DNA; Lane 2: MST4 Insert DNA; Lane 3: pCDH-MST4-RFP digested
by BamH I; Lane 4: pCDH-MST4-RFP digested by BamH | and EcoR 1.

Figure 1. Enzyme digestion identification of pCDH-MST4-RFP
1. pCDH-MST4-RFP KB4 E

3.1.3. pHEZG-dnMST4 iMFF FEELN & £
B 1yl AR B2 25 SRR AA R pHEZG P AT K, 7T IL— 46 K/ S ERR TR 8.346 kb AH
FF(E 2, Lane 1). HU5 ul §iik PCR #3414 1) MST4 T178A [¥] PCR FEdIbAT sk, T W —%& AN
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ST 1.251 kb AHFF(] 2, Lane 2). 3k#3 %8 Vector DNA il Insert DNA J&, ¥ & M TIER R
L, SRJE IR AT BORLAY, IR BEATL PR B v B B VA TR B, SR EUTURL DNA JE— 5470 3 FI )
YTE o BN A5 SRR TE R A B 9 1.251 kb () MST4 T178A (36 B 91 5 IR 4G 5791 — 30 (45 B ok
$eft). N BamH | % pHEZG-dnMST4 HgY) J5 vk, v LALE|—AN5%ar, KA SEG HNME 9.597 kb
A 2, Lane 3), K BamH | Al Xba | ¥ pHEZG-dnMST4 MUY 5 Bk, 7 LB 641, HK
FE SIS TRME 8.346 kb Al 1.251 kb AHFF(J4] 2, Lane 4). LA Es2ib4h %L 8] pHEZG-dnMST4 #2521 .

2000

1000
750

500

250
100

M1: DL 2000 (TaKaRa); M2: A-Hind 111 digest (TaKaRa); Lane 1: pHEZG
Vector DNA; Lane 2: dnMST4 Insert DNA,; Lane 3: pHEZG-dnMST4 di-
gested by BamH I; Lane 4: pHEZG-dnMST4 digested by Xba | and BamH 1.

Figure 2. Enzyme digestion identification of pHEZG-dnMST4
2. pHEZG-dnMST4 H A4 E

3.2. #H MST4 1 RFP EFEMBRH AR UKIET dnMST4 #1 GFP EERNBRSE K

95 A iR pMD2.G. psPAX2 5 pCDH-MSTA4-RFP Jii kit 56 4x 203FT i, 5%k 48 h JE{E(#]
B RAE T A DUWS B 050, IEIE (K 3). KinF ikl pMD2.G. psPAX2 5
pHEZG-dnMST4 Fikidtit Yy 293FT 4iffl, %4 48 h J5 76 (318 786 B T ol LI ZE R4 (56, IEH
PRI (1#] 3).

Brightfield Darkfield

pCDH-MST4-RFP

pHEZG-dnMST4

Figure 3. 293FT cells were transiently transfected with pCDH-MST4-RFP
and pHEZG-dnMST4, respectively (virus package) (x100)

[ 3. pCDH-MST4-RFP #1 pHEZG-dnMST4 43 RlIB#AT4E % 293FT LRAE(TH
FHZE) (x100)
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3.3. MR1RmE R ANE A

o CPRLS VR S BARSZIG D IR, I MST4 F1 RFP IR (18995 B 23 il JEk e A\ itises 40 A
AB549 HI HCCB827, /4L )5 48 h I 7E(H B Ot WA T S RI4HML N 2L (v, B 1A MR8 2 B )
JRGe, (R AR U0 B 2o A8 e (1 il 20 i R DRIk RFP B (8] 4). A% dnMST4 FiT GFP &A1
18993 28 73 ol U A s 40 i A549 FII HCC827, &4k 48 h mIE(RE ot WAME: T W %2 24 Y i 4
P, H AN 1255 B B, (R B A 350 B 2 105 B K e (1 s 400 B L R h ik GFP B (14 5).

LV-conl LV-MST4

o<

Figure 4. A549 and HCC827 cells were successfully infected by lentivirus carrying MST4 and RFP
genes (x200)

4, 7 MST4 1 RFP Y187 35 BB AR 72 4B AR AR (% 200)

LV-con2 LV-dnMST4

HCCS827

Figure 5. A549 and HCC827 cells were successfully infected by lentivirus carrying dnMST4 and
GFP genes (x200)

[ 5. #% dnMST4 1 GFP 1817 35 Bk S il AR 52 2B R 4% (< 200)
3.4. qRT-PCR # Western Blot &3l Fr 3L B A B2 ZHBadE MST4 5% dnMST4 7£ RNA BH
MEAREMFTIEKF

K45 R B o, A4 A549 1 HCC827 H MST4 I dnMST4 ik 7K F7E RNA 7K FI & 7K
YR T Er, YA Th . T A i HA MST4 ML ik 54 dnMST4 11 A i 40 Btk (4 6) .

4. g
NG5 95 B T TR I, AT LA R e T SR A A S T s

HD

TG ] H

u
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BT A MRS A vy O 5 0 R A R A, AN DR TR AR N KR e Rk, R R e
TATEAT T I ANE IR D A% 38 R G0 0 W] EERL 5] -

A B
“E) 1800+ [ LV-con2 “E) 501 E LV-con1
- LV-MST4
2 1400 B LV-dnMsT4 2 w0
Y Y
5 %k % o
§ 10001 o § 30- *kk
[/2] (/2]
»n 6001 . A i * k%
o o 204
£ ool ‘ 27 —_
x X 3
[ (]
2 2
: = IS
« A549 HCC827 & A549 HCC827
C
A549  HCC827 A549  HCC827
< <

N B B - = - o=

s £ § T 52 § g

> 3 > 3 > 3 3 3

wsta| D[ P | | |
GAPDH [A st | [ | | S| [——

A: gRT-PCR G llA2 2 #E75 dnMST4 $4£3E[K ) A549 Al HCC827 Al itk MST4 mRNA 7KF;
B: qRT-PCR Kl fa & #517 MST4 LK ) A549 A HCC827 4 itk MST4 mRNA /KF; C:
Western blot &I € #77 MST4 % dnMST4 ) A549 1 HCC827 4ilfilutkF MST4 AKX
*%%, P <(0,0001.

Figure 6. Detection of dnMST4 and MST4 expression in A549 and HCC827 cells after infected by
lentivirus, respectively

& 6. #2EHET MST4 5 dnMST4 BRI IR B2 ARtk T MST4 RIAKFE

TEARMEFCRIRATAIEE T MST4 5 [RS8 dnMST4, 1 4k 7 £E 8 MST4 25 1 1 T e
S GV AR R [R5 B AR AR R AR L, Lt I B 1 O S A B A e A T AR A, TS I R T
SRR BT A A R B A R R ) DB AR TR, SRR pb3 H [ A i ik A ) RS A o B AR
A4 p53 HEBILIRE, Frre AR B RN R I A S 4 4 TH 08 (Dominant-negative effect), 3 i 4 47 [T 200
SE PRI R R A IR, 4 5 B R PR I ) e A )4 i A B f SR TR PR Th RE[6] . A IE LR,
08 Tt S R ) S e P SRR A SR A ) P YR R R YR A R S I SR R R P A R 7 [ 7] AL,
FAVEARTT MST4 FER D RET A K L R BRI B R, T2 R H B RIERER AR, i T MST4 1)
B GERAR R dnMST4, T8 I8 B e i) 7 20 L T AR e I Rk MST4 Bk dnMST4 (1) A\t 4 i ik ,
FAE M MST4 LK Dy e 3R 15 R J5 8] T e 5k 2k P A J7 18T >R 4 1 ] W MST4 78 it 4 i v (100 2B 0 27 Th g

Wil Ak 22 S 8277 R R 25 118 MST4 (Serine/threonine protein kinase MST4, mammalian Ste20-like
protein kinase 4)3& K 2 i T A YLtk Xq26, %K gmtD 1) MST4 A 4K 416 MEER, B&5— N
Uity PR £ AL IR AN — AN C i i T 45 AR [8] [9]; MST4 78 A\ KL 4 rp i v ik, Jorh7Efa AL, B iR An4h
MEgEM R, R O Ml B DIRAE IR SRR, EEuIERIKERE: MST4 &EH
J& T Ste20 iy GCKIN 5, HATYIMIIgAE[10] [11]. UM To[12]. RAR%RE[13]. 4nAR Cig[14].
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YA K ANFEAG[15]. EMT FIELF5[16] % fE b R 4 S ZEE FH

IRATR AR B 53 A A E P LR PF AT B, MST4 fEiE Rk miR-122 # S KA 7o - b ik
(Mesenchymal-epithelial transition, MET)#J i 4 s ik T, K28 MET B 4t A 58 71 T F[17].
SR MST4 76 EMT Ffiie 2 22 56 5% Hr (4 FH R WARGE o FRATTHTHAR TS50 45 48R MST4 1] Be7E it
EMT FfZ 28R i R R FERIHIE A o DAL, #E4% N MST4 FIN dnMST4 % J5 [R] F) it e 4 ok aght
S 5 L R ThREFRAS AN 2 AN 5 TR AR 78 MSTA ZE Ml EMT AR B S FE /AT 7 RIFH)
e 2T

AW E — M AR R BRI AR NG, s BT B AR R, NS5 T adEm
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