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The expression and function of MST1 in prostate cancer
Huang Yuhang'!?, Yin Shiyuan?, Fang Linna?, Zhong Kun?, He Guifang', Cai Yongping'?,
Yin Yu'?
('Department of Pathology, the First Affiliated Hospital of Anhui Medical University, Hefei,
230022; 2Department of Pathology, Anhui Medical University, Hefei, 230032)
Abstract Objective To investigate the expression level of mammalian sterile 20-like kinase 1
(MST1) in prostate cancer (PCa) tissues, its biological functions, and its regulatory effects on
androgen receptor (AR) and vascular endothelial growth factor (VEGF) expression. Methods
Immunohistochemistry was performed to detect MST1 expression in 77 prostate cancer tissues and
34 benign prostatic hyperplasia (BPH) tissues, and the relationship between MST1 expression and
clinicopathological parameters was analyzed. MST1-overexpressing C4-2 and LNCaP cell lines
were constructed. CCK-8 assay, Transwell migration assay, and angiogenesis assay were conducted
to evaluate the effects of MST1 on cell proliferation, migration, and angiogenesis. The expression
changes of AR and VEGF were detected by qRT-PCR and Western blot. Results MST1 expression
was significantly lower in PCa tissues compared with BPH tissues (P=0.012). Low MSTI1
expression was significantly associated with tumor metastasis (P=0.033). MST1 overexpression
inhibited C4-2 cell proliferation and migration, with transmembrane migrated cells reduced by 53.6%
(P<0.01). MST1 overexpression decreased the mRNA and protein expression levels of AR and
VEGF (P<0.05). Angiogenesis assay demonstrated that the length of new vessel structure was
significantly reduced (P<0.05). Conclusion MST1 shows a low expression level in PCa tissues and
is associated with tumor metastasis. MST1 exerts tumor-suppressive effects in prostate cancer by
inhibiting cell proliferation, migration, and angiogenesis, as well as downregulating the expression
of AR and VEGF, indicating its potential as a therapeutic target for prostate cancer.
Key words  prostate cancer; MST1; immunohistochemistry; angiogenesis; androgen receptor;
vascular endothelial growth factor
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R EFTSIRE (prostate cancer, PCa) A FI R FFEET R, HEZEBREHISH O AW
W, WGPRIZYT 5P A IR0, LA IRPPE TSR (castration resistance prostate cancer,
CRPC) Hri&# PCa UUHENERENE HESEIE e AR B IR B 2 34 IR T R 3R 2 1
(androgen receptor, AR) HH % HIHE [F] 6 7 0) Hl &1 e £ 38 28 o0 s W, PRI, I N
J K AT (vascular endothelial growth factor, VEGF) 7E PCa 4R B3 Fif, HFHEIA
HgifRae. ek KA RIS E VIR,

AL E & 20 £HHF 1 (mammalian sterile 20 like kinase 1, MST1) J& Ste-20 i/
FIEHIFBERY, 150 Hippo {5 5 B B R OALSG 7, AR 4RI SE . T, 1 e K s
KA, Hippo 155 BB IF) 6 CIE 2 5 2 R e i i A5 AR d 7%, T VEGF 1E A%
SRR ML A R 7, HERIA 2 B 2 465 S 1Bk (MY . SR1M, J&F MST1 X% CRPC 4HH
I AR AR BIYEHE AU . ABFFC B R MST1 #£ PCa AU IRER A K
SIS L B RS K A R, L& MSTI X AR 2 VEGF £k 1EH, N PCa
(K153 F-HLIIRIE FEREE ) VR T7 SR 1R R B AT 1) SR AR

1 MEET5E

1.1 B ER

S£E 2015 4F 1 H 2 2022 4 7 H 2 BIERIREH — MR B E AR 77 4] PCa 4141FE
AN 34 FIRTHIIR BYERA: (benign prostatic hyperplasia, BPH) ZHZUREAS . 40 AN FRUENZ I
LRS00 PCa B, HEREHRIEREIATT MO IR FAR IR A, BA e
(I PR BB A B o HEBRBESZ B BhiaT T« & I ARG R MR SR R R A A (.
AHLREARBRA SR IIGIK SR MG R, BIEFEE. a5 IR R EBUR (prostate specific
antigen, PSA) 7K°F-. TNM /KM Gleason TF5: SR IRA . HERSIRSHIH R T4
SR (CT. MRI BCEHEHD 28 IRIKMEVIER, B ERARE. W L b
AR E . AT TRAE ZHERIR A EE AP ottt (BB LS. 20190406).

1.2 S8 s

ALY RIBTE 2R h AL RS, B85 H CREEAT KA AR o i o k1 P A i
RO AT B IPURME R . FIF 3% Ho0, TE IR BT R M A G G 1 . U v E
4°CF 541 MSTI hitfl (£[E Abcam AW B85 ab51134; FFEFE1:100) WEHEIK. —

PL37°CTEE 30 min. FHTEFIESRHEN: BT 50% 4 A &< WAl B PR et
3



1.3 s 5HE

IEHATZI R b R 4 RWPE-1 AL SR e i e /i 1) B 40 i LNCaP g B b [E R}
BN E o 130 25 BRI BT S ARE 40 C4-2 FIRGE I 25 AT R 51 I 40 22RV 1 Fr %
TR 25— Y B 15 B b PR AP RHR it . RWPE-1 4R 7E &5 A XK 85 25/ P 3 R I (500%,
Z[H Gibco AF], $85: R-015-10) Al K-SFM 5773 (3£ Invitrogen AF, $25: 17005-
042) HiiidR. PCa MM ARAEESA 10%64- M3 (LLEF1 BI /A, $785: 04-001-01A) H1 1%
H-BEE R IR RPMI-1640 15373 (3£ [E HyClone A, 585 : SH30096.01) H1153% . MSTI
BBtk i (R E 1 GenePharma A F]D SERG. SEIG /7 2HALFE 25 U HRZL CREEHL .,
AR AR IR (% pcDNA3.1 288044, 3104 Vector 411 MST1 it Fik 4 (74 4% pcDNA3. 1-
MST1 JFRL, ric sy MST1 28D # 44 hi7 24 h B f e T 6 FLAR, frdti p % ik 2] 70%~80%
i, 8 Lipofectamine™ 2000 (3% [ Invitrogen A 7)) #% & ULH P T ki Se, #6436 h
SR, JEid qRT-PCR F1 Western blot 36 iF i FRIAE,, FN S e R fa #7582 Th Rk
1.4 qRT-PCR £

i TRIzol iX7f] (£ Invitrogen A F]) $2HL PCa AU RNA, F£{#H PrimeScript
RT Master Mix ( 7 Takara A%, $8%5: RR0O36A) ¥ RNA Wi cDNA. PCR fA A& (1)
MR : SYBRPremix 10 uL, E U514 0.8 uL, ROX Reference Dyell (50x) 0.4 pL,
BEAR 2 uL, ddH20 6 uL, &R 20 uLo REREFN: 95°C30s: 95°C5s, 60°C34s, 40
AMEFE

GAPDH I jif 31 ¥ 5-CATGAGAAGTATGACAACAGCCT-3', K 7 5l ¥ 5'-
AGTCCTTCCACGATACCAAAGT-3'; MST1 L5141 5'-ACAAATCCTCCTCCCACATTCCG-
3, T f 5 ¥ 5-CACTCCTGACAAATGGGTGCTG-3' ; VEGF L Jif 5l #1 5-
GAGCCTTGCCTTGCTGCTCTAC-3', T34 5'-CACCAGGGTCTCGATTGGATG-3'; AR
FUES1) 5-GGAATTCCTGTGCATGAAA-3', FiE5]4) 5'-CGAAGTTCATCAAAGAATT-3',
FrE 5140 B A E _E#E Sangon A H] .
1.5 Western blot 7347

() ZEBCT NN R B 7 BRI A0 RIPA Z20Pil, 42 1 01 1 100 HYELGIE
&, HFEUK BRI . FESMEE] 7.5%M PTG g b, 3T KB, B G REES
FIMBRLT4E R (£[H GE Healthcare A ). ] 5% a0k £ 2 h, JfAE4°C T 5—

P E 12~16h. FEPUAUIF: GAPDH Hifk (3E£E ProteinTech A F], $85: 10,494-1-AP
4



FEREFE 1210000, MSTI Fiifk (EE Abcam A F], $t45: #ab51134, FAFEFE 1110000,
VEGF $ifk (36 Abcam A, $8%5: #ab214424, FifefE 1:1000), AR Fifk (EE CST
KNE], BT 51538, FRERE 11 2000). iHVEIELLEBRARL G —H, SR/ EIR TS HRP
PRI L £ S 1gG (3 Proteintech A7), 5 SA00001-2, FiFEE: 1150000 #EFH 1
h &, A ECL (b g RA G IR A7) Bioshine ChemiQ £41) R
1.6 4Hfa5E S

AL, 3 000 NI E FEHAN T 96 FLAP . 20 fERE I 24, 48, 72 196 h )&, B
Popr e s 5, B B . N0 10 uL CCK-8 ¥ RIMA EREFLH, 4k%:
FEEA IS 2 ho MR RAE SMR16.1 8 R FLAR BEFR A AE 450 nm KR IEROE
JFEAH.
1.7 Transwell 37% 5256

WA o i EE 75 (3£ HyClone A W], #5: SH300027.01) HEAL 1x10°~/mL
(IR, 78 24 FLBCR I 500 uL & 20%FBS (584 k5953 (3£ HyClone A, 1%
1 SH300027.01), FFA Ui BN BTN 24 SR CZBICREVEARER AR, 17
F: XL-2401) N: £E Transwell /N3 (1) B Z AN 200 pl 176 LT 4H ARSI F4 BB I
(R EREAASE IR AR, B85 : BPN-SOCH) HliJ% 24 hy H5/N S RN G SR Ik
ety B SN PR L= RS, RN S TRE T IR b, TR
(HZ OLYMPUS A ], #%5: CKX41-A32PH) FXf/NEAMUEAT A
1.8 IMEA RSER

NI EK A B 40 (HUVEC) W rh[E BL 2 Be e, 7E8 10% 64 M3 A A B 4
HAE KA ECM 5 973E (£ ScienCell A7, #'%5: 1001) Hiki9%, SLZIGHT 24 h
YR C4-2 A CRLIE Vector LRI MST1 4 #:80T 6 FUiR, Fr4ifsE K Z 80%Hh &
I, SEHONTE LT RPMI-1640 Bi 7R FE 48201557 24 h, R BT 0.22 pm JEdsd
TR . F 96 SLBRTRSETE 4 °CA2N, KH IARALINA 50 uL B:J5 /K (35 Corning A ],
Be5: #356234), BEJaSLEVE T 37 °CIRAE P & 30 min BRI FREER . H 1Sk HUVEC
i, H C4-2 4HHn BiE VR E S R AR E Y 3x10* N/mL, AL A 100 pl 4 &
W KaRE T 37°C. 5% CO, Hr it 77, fAEIE BME: (H4A& OLYMPUS A+, %Y
F: CKX41-A32PH) 1£ 2. 4. 6. 8. 12 1 24 h 23 BIMLEE I HHT B4 M BEE fias S5 4 i
JlAE Bl A Image) BN B R B E R M RKE, SHRE 3 A ERSL, L
WEE 3 K.



1.9 Ghit2abE

i /i} GraphPad Prism 8.0 X ¥ T Zi i 24 Wi A HIRERE . ARSI AL 3 1%,
SRS K LA X £S5 n (%), WAL USRI BSIREA ¢ W30 E 7 K%, I PR ERARAE
(K20 1R LU SR o7 30 ER Fisher MRVIMBERAGH . 24 IM SR S R 7 2207, % T &
SR S (R I4) A 4R R BB SR 30 SR Two-way ANOVA S3HT it 41 1] 2% 5 R
[T, P<0.05 A2 5 Giit 22 Lo

2 &R

2.1 MST1 7£ PCa 1 RT3 i A H R Rk

A AR T T 77 B PCa HEFEA CHLrh a8 71 FITCHA A 6 il
Fe 34 ) BPH HLREAF ) MST1 £iE (LI 1), e R R s MST1 E ZAE A i
Ik, R 1 ESREZR, 1 34 ) BPH #£A, 30 il MST1 2RHTE, FHPERDY 88.24%,
IMAE 77 #1l PCa HZAH, MSTI1 FITEZRIUN 64.94%, ZRAGITFEEXL (P<0.05).

B 1 MST1 ZERIFIRARFHIRE
Fig.1 The expression of MST1 in prostate tissues
A: MST1 was negatively expressed in BPH tissues; B: MST1 was positively expressed in BPH
tissues; C: MST1 was negatively expressed in PCa tissues; D: MST1 was positively expressed in
PCa tissues.



F 1 MSTI1 £ PCa MR HRIFIRGALHLAHFIRIE n (%)

Tab.1 The expression of MST1 in prostate cancer and benign prostatic hyperplasia tissues

n (%)
n Negative MST1 Positive MST1
Group . . Y’value P value
expression expression
Benign prostate 34 4(11.76 30 (88.24
aup ( ) ( ) 6.36 0.012
PCa 77 27 (35.06) 50 (64.94)

2.2 MST1 KIRIES PCa It PR BRI A S M

Xt 77 # PCa SBFH MG AR K (BFEFEE. PSA KF. TNM IER . Gleason T4 &
FeRIRZS) AT RIBE AT, IFRAE RS BB 0 AT A (71 6D MEHERA (6
B I 2 BT MST1 RIS K IR SRR 2 MK R . SRER, ELH
B, 49 5 MST1 ZFHTE, PHERA 69.01%; AU, 11§ MST1 2B,
FHYEZRN 16.67%. Giit iR, MST1 WERAKFE PCa BHFH KBRS BEMHK
(P=0.033), iMi54E# . AT PSA /K Gleason P43 & TNM 4 HATE 2.3 5Kk (34 P>0.05)

(£ 2.

2 MST1HIRES PCa IRKRERHMERER n (%)
Tab.2 Relationship between MST1 expression and clinical pathological features of PCa
n (%)
Exoression of MST1 in PCa

Characteristic n Negative Positive yPvalue P value
expression expression

Aae (vears)

<70 43 14 (32.56) 29 (67.44) 0.254 0.604
>70 34 13 (38.24) 21 (61.76)

PSA at initial diaanosis
<20 34 12 (35.29) 22 (64.71) 0.001 0.970
>20 43 15 (34.88) 28 (65.12)

Gleason score
<7 40 15 (37.50) 25 (62.50) 0217 0.642
>7 37 12 (32.43) 25 (67.57)

TNM staae
I-1I 52 16 (30.77) 36 (69.23) 1.294 0.255
aI-1v 25 11 (44.00) 14 (56.00)

Metastasis
No 71 22 (30.99) 49 (69.01) 4545 0033
Yes 6 5 (83.33) 1 (16.67)

2.3 AFEKTE PCa 4Hffih MST1 HIRX

AHFFTILI RWPE-1 40 AR IR BT ZIIR b 4A a7y, LNCaP iR B Wi
PCa (androgen-dependent PCa, ADPC) FiB%, C4-2 F 22RV1 #4ii}fift3% CRPC FrEt, LAY
MST1 f£ PCa A A& JEMT BLHIRIE K I o

2A 1 2B 735l R 7 MSTI 7ES AR H 1 mRNA FldE FRIA K. 558K,
7



HIEW R H R b R 4 RWPE-1 #H L, PCa 4017 1) MST1 mRNA Fl 1314 F(K . Western
blot 455 7R, MST1 7E RWPE-1 3R 1A 55, £ LNCap. C4-2. 22RV1 FHRIKFE(K . th4h,
b4 PCa [F] CRPC Fir BUK e, MST1 ) mRNA A /K- 242 2 I 2 F B 35 (F 14=168.86,
P<<0.001). XKW MST1 F3IE A BELE PCa 1] CRPC K JEL AR R IE/E .

2 PCa iR+ MST1 RiEKF
Fig. 2 The expression level of MST1 in PCa cell lines

A: mRNA expression levels of MST1 in RWPE-1, LNCaP, C4-2, and 22RV1 cells; B: Protein
expression levels of MST1 in RWPE-1, LNCaP, C4-2, and 22RV1 cells; *P<0.05, **P<0.01 vs
RWEP-1 group.

2.4 MST1 %} AR KE#
RPRVT MST1 X AR BIEIER . ARuF7ERA ADPC F#PER) LNCaP 41l 2 CRPC FF

PER C4-2 4R E T MST1 i 15525 . gqRT-PCR 1 Western blot #6145 5 (& 3A) B,
MST1 £ LNCaP H1 C4-2 Ziffih sl thid ik . #t—D kI, SxIRAMEL, MST1 5%
R EREIC T PCa 4 AR RIEIK . Hrr, 78 MSTI idKIA ) LNCaP 1 C4-2 4HJif
W, AR ) mRNA /KP4 5 K % 47.83% (+=72.31,P<0.000 1) A1 70.37% (£=219.51, P<0.000
1 (30, AR FEAFRIEKTHH R 79.21% (=391.52, P<0.000 1) F1 88.02% (=507.64,
P<0.000 1) (& 3D), FI] MST1 %f PCa il AR ik A MHIEM, FEEA BB PCa
2 0 H I AR AL T A R



3 MST1 X PCa ZHHfi AR RILXHIFM
Fig.3 The effects of MST1 on the expression of AR in PCa cells
A: The transfection efficiency of LNCaP and C4-2 cells transfected with MST/ overexpression
plasmid was detected by qRT-PCR; B: The transfection efficiency of LNCaP and C4-2 cells
transfected with MST1 overexpression plasmid was detected by Western blot; C: mRNA expression
level of AR in the MSTI-overexpressed PCa cells; D: Protein expression levels of AR in the MST1-
overexpressed PCa cells; ****P<0.000 1 vs LNCaP/Vector group;#P<0.000 1 vs C4-2/Vector

group.
2.5 MST1 Xt PCa 4 fa s AT I8
AU FE SR 25 R, 5 C4-2/Vector X RALAALL, BEAIEIRNRIMEK, 48, 72h I
C4-2/MST1 Eb C4-2/Vector 4 I¥I G5 18 2 525 A8 (/=17.00, 18.08, ¥ P<0.000 1) (& 4A),
R MSTI 1Rk v] . Z 40| PCa 4HIRMIGTERE /). LA, IER IR 45 R R, I 3kik MSTI
JG, LT C4-2 YIEES C4-2/Vector LM LU/ T 53.61% (=4.54, P=0.001 2)
(B 4B). ZZREW, MSTI B AING] PCa LI, W HI 55 HITR AR



4 MST1Xf C4-2 4 Ha AT ATRE B /1 UM
Fig. 4 The effects of MST1 on the proliferation and migration ability of C4-2 cells
A: The effects of overexpression of MSTI on proliferation of C4-2 cells was detected by CCK-8
assay; B: The effects of MSTI overexpression on the migration ability of C4-2 cells was detected
by Transwell assay; **P<0.01vs C4-2/Vector group; ****P<0.000 1 vs C4-2/Vector group.

2.6 MST1 Xt PCa I % 4= RIS

5 &o~, /£ MST1 ik LNCaP fll C4-2 41fF, VEGF i mRNA /K°F (& 5A)
2% R (LNCaP 41: t=120.14, P<0.0001; C4-2 #1: t=39.06, P=0.0007) Fl&HFRIAK
7 (& 5B) 183 Fi# (LNCaP 41: t=63.28, P=0.0002; C4-2 #: t=55.59, P=0.0003) .
UhAh, ARSI g BRI, SRR R, MSTL i R 20 6 1 137 B 4 I 5 R s
MK BESEHT (1=3.50, P=0.0248) ([ 5C) . LA BIRZEIR, AWH7iRH MSTL (1id ikl

i PCa 41l VEGF FIRIE , JF4Ml M A= o 78, M AT BEFEAIR PCa R AR AN F2 KUK o

10



'S MSTI1 X PCa B4 RLRE F1 HIBS M
Fig. 5 The effects of MST1 on the angiogenesis ability of PCa
A: mRNA expression level of VEGF in the MSTI-overexpressed PCa cells; B: Protein expression
level of VEGF in the MSTI-overexpressed PCa cells; C: The HUVEC angiogenesis assay using the
supernatant from C4-2 cells; *P<0.05, ##P<0.001 vs C4-2/Vector group; ****P<0.000 1 vs
LNCaP/Vector group.

3 Wi

Hippo {5 ‘S8 H A/ N2 SN HEE R, T4k CBCAM i # s, MST1 /E24 Hippo (55
TR PR A L B U, L BIE SEAE 2 MR T B HIE R . Gu et alIBE TR, )
MST1 ] el A it . SARFP LY, MST1 758 WE e . AR &
e v AR FRIE, (AHAE PCa I FRIE /KT S ERAE ] M AN Hf . BEAh, MST1 RIE ST
e £ AR A B AR B UDAH R U2, ASHIF S [l SE“MIST1 7E PCa HP )R-l RAH S -2
BRI AR 1L N T T T RGRR . RGEMHRR T MST1 £ PCa 1 [RILFFE S
YIRS, G5 BN HRIABUE 55 PCa BE BRI AT 5. MST1 7K BT NN
PCa AL MAVERIE R BE T LHEBAT AH PCa 4141, HEEA PCa Bk, MSTI &
FRIEK T BEIAK, %K MSTI 1E PCa &% B B /E FH IR T 41412 SR AR
FMEIEYE . BhAh, ABFFEEXIAFEB B PCa IR AT R, MST1 HIERIE KPR
PCa HIFE AR B n) 2 AHRIT I BUR R TTTIZHT T . RIE, MST1 ik B R MK AT R A

PCa I AE AR RISHIR T 70 R 3R A A A7 ANt R AL S5 F 4 31 kAl o
11



AR fE£ PCa KAEKJEL KEBMIINEFA LR D S 0HAr, R H BIE A2
CRPC HHEEIKAHEK, XA AR AR HUARL G4 MIERA . AR W RIS K& AR BY
AR, Ja FAEHEBER R 6T FrEANHI HEBGR R H 0L N UhBERE AR 155153, JE KT
FUNE IR, Hippo-YAP {55 iHEE Y AR Z I A] REAFAEAE SRR &R, MMFLFEIFZM PCa 41
MERIZEMI2AT . AR TR MST1 i RIE WL LNCaP 5 C4-2 4 &3 T~ 4R 1
mRNA 5&E KT, $#7% MSTI FTREFZI AR R AL . BT 45 RN MST1 RIA B4 1T

At AR 15 S RIS MRRSAH G, NSRBI & Z A AR BAR R T Se ikt -

VEGF 1FEyR ML A 1, 5 M St e VI < . DA g R B,
VEGF 7E PCa HZIhIFRIL B EIETH, H5 PCa MRIETEH . FER M & 15 B A 8k
PE. CAREFEISRI], Hippo-YAP i) 5 W0 Al 2 M7 (S 5 A8 AL Ol . A0
FRW], MST1 W FRE A HERE VEGF Rk /K-F T B, ARSI A s i R B H B4
M E EFEGE Y RE 79k 55 . 7% MST1 wl Reilid f2ma (g i AL i 72 5 PCa L&A
GRS D9 AR AR TR AT [ 25 T R 4R A8 B0 S i MR B . 455 Hippo-YAP il
ik
H

=

#
e

BRI S T4, MSTI1-Hippo/YAP-VEGF il 75— SR A ML KAIE,
L5 B A oy 5 A i 5 RS AR SR A L R SR G 2R o T T A AT BB N J5 A AL

T

FEDIREJZ T, AW TR R MSTI i3 FRIX vl i PCa AHMING 5 5T R e 1, A4k
SCRFT MSTI 7E PCa HA] e B AT RS AL 2 AT N KV FEAE T

R FAFAE — € JR PR P o AW JC E B TR ARSI AY , o5 = Ak A B 1) S B 380
MST1 /e SRR AR B R HISEMA  BEAL, ABFFURIER AR FE MST1 X AR.
VEGF HI4rFI#NLE], W MST1 27538 1d Hippo-YAP {558 Bt A5 270 T 16 5%, 81

BRI AR 7. REFE LIRRRYE, AT R4 MST1 7E PCa hiI1E
FAFR AL T L SEIRUEME, 95 SRR NI 7E BL5E SEA .

253k
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