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[ Abstract]  Cancer-associated fibroblasts ( CAFs) influence the progression and treatment of prostate cancer
(PCa) by remodeling the tumor microenvironment (TME). Identifying the key molecular drivers of this remodeling is
critical for advancing cancer research. The monoamine oxidase (MAQO) family, comprising the subtypes MAOA and

MAOB, is a group of mitochondrial outer membrane oxidases that regulate monoamine metabolism through oxidative
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deamination. Aberrant MAO expression is closely associated with PCa growth, invasion, metastasis, poor prognosis,

and TME remodeling. This review, based on various animal models, systematically summarizes the biological roles of

the distinct MAO subtypes in CAFs and their contributions to PCa pathogenesis. We further explore the potential of

MAQO inhibitors in combination therapies for PCa, focusing on their differential expression profiles and functional

specificity. In addition, we propose precision diagnostic and therapeutic strategies targeting MAO subtypes, with the

aim of identifying novel therapeutic targets for personalized PCa treatment.
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FASE FLAER PRI H (1 PEA) 'O
UTARRIFSE & B, MAOA 7£ PCa''") s "' ¥

SR NG E O o S I AL, 1 MAOB FE B
2R SR R R A e ks, (A
TR, MAOA/MAOB 5[5 /)N B B g 7K S 78
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Table 1 Comparison of characteristics between MAOA and MAOB

Atk MAOA MAOB
Attribute
AT 454 FADY
Cofactor Covalently bound FAD"™!
A R A o e
Su]fl)ﬂcﬂgl/liir LRI
localization Outer mitochondrial membrane'’

LU B i R RS RS M/ AR 2 R ¢
Maior tissue (B LM aephzoi) (5-HT REd 270 B2 e R A )
& Jtr'b tion Gastrointestinal tract, lung, liver, placenta, Platelets, central nervous system

istributi ;
central nervous system ( adrenergic neurons -HT ergic neurons, glial cells) '
1 (ad i ytu (5-HT ergi lial cells) "
KO R
TR

) (12)
Substrate specificity 3-HT, NE, DA

)

Inhibitor sensitivity

XS MR AU

Sensitive to clorgyline''¥]

Expression JRH LG N4 ' .
characteristics Encodes polar aromatic amine
of ¢cDNA substrate-binding pocket''"’

FEDR SR AL
Gene knockout
effect

MAOA F PR~ 2 IR 5k B

Lys305 5 FAD % N5 4545

S g

E%/n l:l{\/q'ﬁ %;&uzﬂﬂ‘zn "251‘@“5
Substrate

binding site

MAOA binds to N5 of FAD,

Tyr407 and Tyr444 form an aromatic

“sandwich” structure when carrying substrates

MAOA #1300 (455 k)
[EYZ S| FHFmAREE Ry

Clinical applications

depression treatment!'*

E;E*H ~ g R 4k ygz [17-20]
ik PCa Jififis | & |45 HL e

PCa, lung cancer
Cancer-related ’ J ’

. renal cancer, colorectal cancer
expression

Tyrd07 F1 Tyrd44 FEABILYIIHIE K

Conserved lysine residue Lys305 of

[15]

MAOA inhibitors (such as clorgyline) for

[17-20]

M AR S-HT Al NET™
Phenethylamine,, benzylamine,
slowly metabolizes 5-HT and NE['?!

X AR 2 A
Sensitive to selegiline!'"
ZAARMAE ST A
[N
Encodes nonpolar aromatic amine

substrate-binding pocket"'"’

MAOA 15 MAOB XURBRIT , H KT 5225 5 T MAOA 3 MAOB HLEEBH bR/ L
In MAOA and MAOB double knockout, monoamine levels are significantly higher than
those in MAOA or MAOB single gene knockout mice!'!

MAOB PR ~F 12 W 5
Lys296 5 FAD 4 N5 4545
Tyr398 Fi1 Tyrd35 £ A ER Y HTIE AL
S5 AT
Conserved lysine residue Lys296 of
MAOB binds to N5 of FAD,
Tyr398 and Tyr435 form an aromatic

“sandwich” structure when carrying substrates''”’

MAOB # i 77) ( 4n FI A 5 >2
AT aEARm (A ez )
MAOB inhibitors ( such as selegiline) for Parkinson’s
disease ( combined with levodopa) ']

2R IE ST e T B A

Glioma, glioblastoma'™*!
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2 PCa CAFs F MAO I RZES1EH
MLl

CAFs il 73 WA 40l A B 98 ECM S 458
EALRIEL IR B PCa WYIERS H65H RZ2ANT40
AR R R R MAOA 1 MAOB R{Y
MR HEAEA TS5 PCa K4 KRS, B
TE CAFs Hid st 835 ROS A= i A5 5 18 BRI % M
GO R, AR SR AR AE A,

(HA57E B2, MAO TR B RE LA 10
PUURE S AEFLRRIE ™ PCa' ) B e 4
SRR, MAO 38 AL B e 2 I S A A
# ROS, HI%1A S DNA #8145 LR 5 ke it 1
MBI T RGBT, AT I P g 0 T i o S
i aE e GBI AL AR B K H S b
J7 0 H MAO W B AIG Z6 3k 1T B E i I 55 ROS 4
S B2 R T TR AR R A Y X R I
75 55 o oA B2 MAO 6 99 2 L 2 D) AR
Ko UTFETZM/NRAER RGEMHr MAOA 5
MAOB (1) 5B B I R AH DG
2.1 PCa CAFs 1 MAOA FIXEF=1EH
2.1.1 CAFs " MAOA IR HRE

£ PCa WF5TH, IR AHRSE MAOA T 6E,
R T PR Sl s B . — P R Ao m ik
MAOA A NI PCa 48 5 LNCaP ,C4-2 DL K
HARZEVER ARCaPM 40, 36 A 22 [a) A b B AY
FER TN PCa 4 il 52 MPC3 41 fif, K2 FAEA
TP AR B A PN, ) 2 i 1) O g S e RS A/ R
TR g B R AR MAOA AT L ysk 20 i 982 441 g
BT, i AT R N R e 40 T R A, RE L
I ML DS PCa IOAE W= R A B T O 5
UE MAOA AR e A K R 20 it 14 5 i w2 i, HL
S0 ) B R VR AR X A (E Pl R e G
B R AR R, TC A DL AR 50 3 1 e TR B, HL
ANBE S W Bk 953 A IE 5 20 208 A0 K i SRy i A Y 4
SR 5 — b U 2o MAOA 5% 11k B %/ Bl 5
Ptenflox/flox /NRACHL , 35| AFTFIREEFPE Cre,
I T RIS S Pren/Maoa REIG/INER K
PRRTHIME b 5 40 v MAOA 1% il 15 B A% 1 o
KN AR PER T Z BRI BR S A HLL PCa MUIE
WA A R R A AR, T A T

TPER G5 TS MAOA 7 PCa K/ HE
(R OCEEAE T, A B TR A4 75 Ho oy 7oL, H 5
BRI A o RS 2, R ASE AL AR B AR
7, WA IRl F BB UE T i fI MAOA W] LAY /b i 9
L5, WIHG T MAOA 7E PCa AV T ZAEH]

i AR G 14 23 B 75 T, 38 5 4 % 5 6 N
PCa A58 7 1Y JEUR CAFs 47 MAOA #il
a-F-# WLAL 30 2 H ( a-smooth muscle actin, a-
SMA) d: g (a2 0 5 JR PCa 44114 CAFs H
MAOA 1Y 3% 35 7K ~F B0 1E H 11 51 ij 24 21 2 % T
Y R EAEAR ML, 5 Gleason P43
PCa FEBTHH B35 T IEW] MAOA 5 b P
FEB YIRS 5 i 0 B PCa MK
R AE PCa A B 25 8 B 1 1T 2 A 9
( castration-resistant prostate cancer, CRPC) ,MAOA
TG B T ki —2 LIRDY . T
VEAS B RAEAS 9 43 B R 55, MAOA 75 356 5 fl 36
S v AT B 2k R AL R A SR S 1 PRI R
YN PCa (AL Wbk
2.1.2  CAFs H* MAOA FYFEFIBLEI

/NSRBI Z AT SE CAFs Y MAOA T4
BLA A SC5E T B, ZHAO %576 MAOA ik 3 iA
/B PCa /I 5 RM1 5 MAOA i 35 i JEAR/N
SURT 1) B 2 T 41 B ( mouse prostate stromal cells
M-PrSC){RE , & N HeRh C5TBL/6 /N, LT T
[ RS AE IR AR | 2 BLE BT MAOA (41 i 7 ik
/> PCa 20 M 3G 58 I E U8 T W] B 364 n b 928 7Y
CD8" T #ii ez & T-HE &K -y (interferon-y, IFN-y)
KOV SETTRGE CD8™ T 40 i) s R Thge . i
— BT 7R, CAFs H ) MAOA [ IR £ AL 44
ROS 7KF-, TR Wit GG SA 430, 0
CD8" T Ay Ca™ -G 1L T AMHIAZ I F 1 (nuclear
factor of activated T cells 1,NFATc1) {5 51/ & , 14
5ER B9 0 T S80I T e i 1

LI AT UL R A ) 04 7 125, 5 1) PCa 4
i 55 5 IO B A4 24 4 L TR G, 3 S ) R R
G 2 BB /N Bl ( severe combined immune-
deficiency mouse,SCID) /NS AL A8 T 7
FhESHE AR ARE L, 5 ZHAO 5554 b g i) 4 0 AH
Vo, B A RS AR 1 U7 =X, BE A% Sy Jirh 97 4 i B AL AR
FE ARG TR R N B AR FRAS . LI
DT R BEILZE S MAOA (52K 114 56 i 41 it v 8 2%
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ol 22 P A A 3R AT Pk e 4 1 g BT P, o —
AW K B, 2 5 40 M P ) MAOA i ied 4 i
e % 5% R T~ 1 (twist family bHLH transcription
factor 1, Twistl) 5 14042 -6 (interleukin-6, IL-
6) Ji 81 E AR FHITE E-box 456 Rk 1 ok
IL-6 % MR IR S M 55 701 1L-6/ 15 515 5
N S AR ( signal transducer and activator of
transcription 3, STAT3) {5 5 5, M1 4% 5% [ A
SR PCa 41 M AT T 4R L Bn A6 B CD44 , 3K
Sy B 5 20 i i o A Sy i bR R B 9 T S HF PCa
AR S T M RR P, P I0BIE 5% DA W) £ B I
SEOTOHE ) BT MAOA B b g BN, L Ab,
MAOA 7£ PCa 2Pl ROS 47 (1) EMT fig it
iRk JE 51228 7 CAFs H, MAOA i i3 4 1k
P A AL PR A ROS, G BLE A S T 1a
( hypoxia-inducible factor-lar, HIF-1a ) B9 5% 5%
P i~ L REMIL Y HF NG RLEA
( mechanistic target of rapamycin, mTOR) 155, &
BE S P 1200 [ S B B R AN S A R
P BB B M AR 2R RE TR, P MAOA
WU AT BHL P 122 38 B, 802> ROS A= B, ¥ % EMT 3%
B, I c-X-C L N Tz ik 4 (C-X-C
chemokine receptor type 4, CXCR4) IL-6 3Z &%
RHFRIE,
2.2 PCa CAFs H1 MAOB HJ{EH

MAOB 7EA PCa 5t p W 25 W R 15, AR
TIEH TSR T, R TR K 1R L BT R
G| it 98 ( castration-resistant prostate cancer, CRPC)
FE D Gleason PE43(7 ~ 10) g v ik — 27+
o5, EL-55 e 200 O 1 R KG-67 5 8 3 IEAHOG
I PRESCHR 7, MAOB e 323K 5 B 22 1 0 e 72
P28 I TCHE R A A7 ) 10 3 DI O TR AN R
Ak Sz FE0 PR

HRFE MAOB TERPR S 5P RO AT, PU
ALONESERRIC Y C4-2 A 5 4IRS, MAOB 3
ER A I8 AR 35 AT AL ( prostate stromal cells , PrSC)
BLAF e AT A TR E A L A, A B 4
PEBREA RN LI T, & 3 MAOB RRIZs 2
FWG/NEMRE A A 8 G, 5X A AE
YL, & MAOB-KO BUEFZE 40 1Y C4-2 BoAEY)
PRI FE /N — 7 T, MAOB 114 4801k i 21
W5 ROS A= G, WOWE Bk A KB FB1

( transforming growth factor-B1, TGFB1)/Smad 17
Sl T AT AE A TE ALAR RS (AN -SMA | JiE
JEUTRL) ik, HH ECM; 55 — 1, MAOB 5
Twist] L 2G4, D3R TGFB1 KR Smad
HE A, RS C-X-C S A TR 12 C-
X-C motif chemokine ligand 12, CXCL12) FE N B
o JEIEZE WAL, Jr MY CXCL12 5 CXCR4
SZARGE G WO R U Sre/INK 5530 B, 4 o 1f
A EMT, X285 B4 7R T MAOB A g2 714
22 PCa BB AL SCHE Y 1, W HAE R PCa ¥RYT
A AR AL T HELR R

3 MAOA 5 MAOB 7 PCa ® {1
BEERM

MAOA 5 MAOB Z KA liAIA], EH 2R
BT B AL S A B A R ROS 4%
oML E 38 2 PR A [R) T Vi B 7E PCa Hh & 5
PR s /Mg SR VE . MAOA 38 i i Ak B i 8
WYy SAAR 7R A2 ROS, HE i A0 ) 2R mE R AR i
( prolyl hydroxylase , PHD) 14354 , BHLIKT HIF-1ax 1)
R A 2 032 R AR, AT e HIF-
la AR R, EH E &N, HIF-1o 3 4
PHD 413 (19 72 Ak 4 e i B3 A, > s AR (20 5
~ 8 min) ; Mi7E B4 B ROS FE7ERT, PHD 15 M52
] HIF- Lo 6B AR , 2 R ISE K (> 30 min) ,
B FE A% N5 HIF-18 456 8 P BEPE HIF-1
SRR LAY L O I P R A
£ A F A (vascular endothelial growth factor-A,
VEGF-A) 4 5 W) 8 3 i ( protein kinase B,
PKB) /X LAHEE 9 01 (forkhead box 01,FOXO01)
A fR A S P R FOXO1 iR
2 F i Twistl R IK, K5 EMT K Mg =
26130 BLi R i MAOB FR AJ LA 3E 525 AH ] %) 3 2
fEH5 PCa, ItAM, MAOB i i i [E] TGFB1/Smad
G S EOE CXCLI2 4 b, i 38 ik J8a 400 i
CXCR4/Src/JNK 38 %, & 3#F 1l 5 A 1 S e e 4 il
IR BEE
3.1 MAOA 5 MAOB 7 PCa HyRIEE R4

TEFe M | MAOA 78 PCa 4 rp 3 35 75
ik, B 5 M AR EE (40 Gleason 743, CRPC
Ak S IEAE G ST MAOB 7E CAFs Hha 4t
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1E CRPC R hgt—4 FiH, PRI 45 R Bos
MAOA 7& LA 2T 4 2 s 24 CAFs (' myofibroblastic
cancer-associated fibroblasts, myCAFs ) 5 % Jif %l
CAFs ( inflammatory cancer-associated fibroblasts,
iCAFs) 1 3RI8TC i E 22 5, {H MAOB #£ iCAFs
TR R AR IR myCAFs B35 b, Hios HAE
K5 CAFs WBFH = FHRZEMH  X—KBN
¥ & 3T CAFs VAU 73 BY (1)0KS 36 97 5K B (40
iCAFs #[m] MAOB i BX & myCAFs #1[m] MAOA
BHWT ) $240L T HS AR

S HE—AE 52, MAOB. B A A 1 27 i 36 o
21 i ( prostate stromal cells, PrSC) ¥ 3L
CXCLI12 43hidi/b | 1 MAOA i i< 414 PrSC 4
Hirf CXCL12 35 A FEAH MR, i Fh 22 5
AIREYE T 8% N (S 38 I e S R A
3.2 MAOA 5 MAOB #h[EiF#= PCa #IrE

MAOA 5 MAOB i [H] > B e S Ak Wi 5% i
B AR AR o A7 B < PR R R T RE, N
JEIR AT AR K ROS B AR5 3 ) Mz ] 98 42 g fd oA
i, — M, MAOA i 4 ROS-HIF1a/mTOR/
Twist] FHBR S0 20 EMT 5122855 |1 MAOB
M58 3+ TGFR1/Smad-CXCL12 %l 8 998 J5 i ey 1)
ke 23 = Ay NP = K A A QAW e
T AP k30 rpOI B i) 3 42 X 2457 I T s
fE, Fi—Jr i, EATTE B AR 2 B AR
43T .MAOA flJe i), MAOB 7] 3 4. fk PEA %%
M M B 2 ) T 4R £E ROS RR A, &8 oAb B2
MAOA THREBRZ ) 24 MAOA 5 MAOB [&] i 4
P st PR A R 2 A, T BE ST UM R AN i 2 A
EERSRE S SZ B, 7R 565 I 1n) 1] BB SE I L 24
SPROMAT, T I, 1% MAOA/MAOB I AU 4R 5
PERIBE A TSR W, S0Ks B PCa YR T 24
P 5 R XA S B A 1

Zi | MAOA 5 MAOB i i3 22 4k %) ROS
M % AR TR 5, 7E P Ca WOASE B B2 BE
T AN R 45 . Bl MAOA 3 i Twistl/EMT %
UK s Ry 1R 78 , MAOB i i CXCL12/CXCR4 il
SRGME R, FH U R R, X I
KHT CAFs WAL/ (RS HETR 7 OR s 441t T 3
YA, 55 30 TR AR S 1 4 1 590 %) 36 I FH T B 4
= PCa BIIRITRR

4 MAOI 7 PCa 87 & RE

MAOI V4T R BT 4R 2 3| iz 6
FEMY JUHAE PCa WRYT R B AR H XK
W) W) TR ST IARAE (AN 2 k) FA 4 2R
i (ANF]R T 2% (selegiline ) ) , HoAS AT 30 410 i e 14
X MAOA B MAOB B A 4%, PCa 35
M 22 3 I RAMARAE , MAOT Xof i 26 35 1 i 96
(IR TT 7T R & R HUAMAR R I SCE AR
4.1 MAOA 7

WU %0 MAOA R ¥ PrSC 405 PC-
3 MR T TR, . A RS,
Ko BRI L, clorgyline 201 i igg VA B i 35 4 /N4
W] MAOA 1 55 BE B 42 30 1 PCa 40 g 15 5
AN A WEFE R clorgyline X iy A 4100 il 4 FH 4K
T e AN A B , ZHAO S5 R F s 1
XA /IS R RS At AT 5k 8 e Jok s S 1 7
2, B SME I B A 40 A A NCG /N BRAR Y, A
M BEIR T N RGN A FRRE, 7RI
Bt b WE5E e s — 2Kk MAOA A1 PC3 4
ffi5 WPMY-1-NC/sh-MAOA 4il fifd 53 516 & IF 1z
TR A — 2 H-NCG /N E R, 3 oS
AEBIHAALR I 51T NS i g8 44 i 70 5 J5T 240
Ji A PR ER T AN M) A ELAE T, S 4k
KW, clorgyline ¢ & B P MM T-H A 1
( programmed cell death-1,PD-1) 37 {66 Jit J28 41 i
HhoCD8™ T 40 MR E K 3 A, TR v
(interferon-y,IFN-y) 73 Wb & $2 Tt 4 £%, i 2] $2 7+
T REVRITRCR | BRI 3 W 5 5 4k

AR, SRR RS AR TR DB R AL /N BB TR i
B Ul MAO X fibved 4 g iy S BE A ALt . HH
HITEH S 055 /0 45 e 1 S 1] e 9 ] S5 1) 30 4 A R
AR LR SR CD248 1E Sy 4 i A0 3 5T AH 5C 1Y
CAFs ( extracellular
associated fibroblasts, ECM-CAFs) R AEbRic ¥,
T Cd248-CreERT2 ; Rosa26-1SL-tdTomato /)
SRR | g eSO P A IE T CD248 5 I
b S 1 BRIF A ol 55 (collagen type |
alpha 1 chain,COLlal) & «-SMA Ay K 3L5E {7,
UESE CD248 i 5t 1 3 ik T ECM-CAFs, J2& #LL (7]

matrix-associated  cancer-
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ECM-CAFs (Al fEdRic ¥y, 7edb Al b, i —20
FJEE T Cd248-CreERT2; Yap1flox/flox (CKO) /MR,
B R A 5 515 2 7 ECM-CAFs 30 ik
Bk Yes A C 8 1 ( Yes-associated protein 1,
YAPL) il B, ¥ 8 8 5] ECM-CAFs B % £ 1
YAPL SRR 255 ZR IR FRAGHR R T
YAP1 TEVH#E CAFs BV AL S Pt [ I8 fe 2 iy
FHEAE T, U, £ % MAOA 78 2 i 41 iy
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