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WK, T elF5SA2 W) 3= %A T 5200 . K K
AR

elF5A HYIE H T DHPS K DOHH ik iz
MESERL S (1), eIF5A BB 58 4 R BN H
S RULTE SR a WS HAKES T NAD & A= Bt
SN, AN IS A NADH; b, R A
46, RS A T e A5 F2 ) DHPS 5 PENL
srp, JERUDHPS- T RerfaliAk (ED, JERK1,3-
TEIENEE; o T RESEA N DHPS- T e rh R AR RS
F eIFSA TR SO N MR ik I -2 I, AEA
elFSA-T R d. P BR1E R4S A NADH
H4 eIFSA v [a] 44 38 Ji Sk T 48 55 T8 e ot 22 1%
e. DOHH f#{b I 8072 I8 e 2 iR 1) C2 b ¥4k,
I WA R, DN 8 i eTFSA (TG o SR,
FEBRZ eIFSA RIRMIIE LT, DHPS 454K 1T LA fk
NAD": i 5 DHPS- T i P [al{& 45 5 () NADH., It
Hh, I E RN, E DHPS 5 329 {3 i 42 R 5% Jik
S R R I P SRR S B R, 2D
UE B R FEEAE DHPS i 1b RS i (1) J52 107 Hh ) G B A
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B, HURES5HM W mEERERMN A NA
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(BRI T A R T, X RGN
HEZS5MEMRRBINE. A, elFSARS 5
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Fig. 1 Eukaryotic translation initiation factor SA hypusine modifiaction pathway
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A%, AR RES FUZZERE T, AR I 4
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TI1 8 EMIT 1 JFf 96 4 JE0 R0 40 1 A 6 7 5 1R 28
R HEOCHER (K2), HHBRZRZM(E 5
B, Hodr, s PLRDE R AR R
F B (transforming growth factor-B, TGF-B) 55 F
) EMT i£42 . TGF-Bif5 519 EMT 3= 2438 1 P25 (H
5 SR, B Smad AR P 18 % R Smad
M e
21 ZHESHERK

£ TGF-B-Smad {5 53 1, 1/ TGF-B 5214k
(TBRI) HEME VLG Smad K& M, (HICE HES
TGF-B 454, A TGF-B3Zf& (TBRID) #J LLH %
5 TGF-B&54, {H F 5 Ik Smad K EHEH .
HUA 2 TRRIFT TRRIT 78 4 A 5 - (7] 2 38 - IE 1
HARE, JAMES A e A UL s =N
2 TGF-B 5 TBRII 45 5 )5, TPRIL 47 3% I W iz 1k
TPRI, Ffif5 TRRIFE— 253G F IFA0N 43 F Smad2
1 Smad3. BERERRILIY Smad2 il Smad3 15 Smad4 4%
GIL M Smad &Y, Iz R AN N 55 E i
PR F ORI T, 4 A ) PR 1 ek 1
AL, Smad & &) 14 e F5-76 40 ML N 08055 e
miRNA {3k 1 30 miRNA 7] fig 1F (] 72 5 40
{0879 i s e = A e w1 ) 1 O 9 .2
BAFMZRS, MNIMLKs EMT iR &A= 4
22 FRAESER
221 HERKET

TGF-B Al i 3% 2 Fh-lE Smad {7 5@ 1% 53F,
75 EMT WLl R 0E g . B, TGF-p A2 4471 LA
T 9 R SE K - 32 R AH G K F- 6 (TNF receptor-
associated factor 6, TRAF6) fH{l AKT 222 Rt 1
(AKT serine kinase 1, AKT1) K63 B i £ &
LRGN, IS 25E A R B
fiff 384 M  (mitogen-activated protein kinase kinase,
MAPKK) i — 2 # 3f C-Jun 2 & v B B (c-Jun
N-terminal kinase, JNK) Flp38 2245154kt HIL
fitf (p38 mitogen-activated protein kinase, p38
MAPK) 5%, Mimifei EMT &4 7, bR
TGF-B4b, HAbA KK Fdrl LIk S EMT i #2,
) an % fZ 4 K B 7 (epidermal growth factor,
EGF) " | & ZEMHERKF T (insulin-like growth
factor, IGF) "', JiF4H L £ & A+ (hepatocyte
growth factor, HGF) "' I % P9 Bz 40 i A6 < R
(vascular endothelial growth factor, VEGF) "', iX

S K P A F AR 2 LS & EMT,
2.22 miRNAsFK &

miRNAs BE 9% P [7] 9 #% E ¥5 & & 1 (B-
cadherin) % & 4 | N Smad #H HEAE H & H 1
(Smad interacting protein 1, SIP1) Fl#¢45 E &45 &
[FIJEHERE T 1 (zinc finger E-box-binding homeobox 1,
ZEB1) 335, 43X miRNAs [ &5 T I,
SIP1 Fl ZEB1 iy /K-F- 34, M4 i E-cadherin ()
Fik, fEFHEMT WAL . Ah, X2 miRNAs &
A LL3E 4% SIP1 AN ZEB1 (26353852 EMT i 72,
et 24 L () BT RIS Ry b R
223 AT

LRSI, 0 Twist K% bHLH % 5¢ - 1
(Twist family BHLH transcription factor 1, Twist) .
Snail K & ¥ % # #l K ¥ 2 (Snail family
transcriptional repressor 2, Slug) . #Z K (nuclear
factor, NF) -xB. R E MM 4545 KW 1
E12/E47. SIP1. ZEB1 # Snail 55, 0] EMT
R . TEMMR MRS, i RS S T Lo
(hypoxia-inducible factor-1a, HIF-1a) AR 2K
1% Twist. Twist & —F s BEORSFINFE SRR 7, REGS
5 E-box JFAN 455, T FEAREY E 5%
(E-cadherin) FZ&k, [RIE LR Sbs b i e &
I (Vimentin) #Y 3R 35, M T4 #E EMT #9
i 19545 NF-xB th 78 EMT i #2 b & 9% 5 2R
A 129 ZEB1 (Y #3k . ZEBI1 & —Fh S5 A9 % S
(51125 R Rt 2 T o e M 0 o P
KERBLL, GIEESREMA, NmHEs) EMT
(A 5 A, SR PR A A Y
Jr#-6 (interleukin-6, IL-6) T3 st S K 3
(signal transducer and activator of transcription 3,
STAT3) &4 Snail #)#ik. Snail BEW%5 E-box J751]
A N K T AR D& IR /o o e W e
PRI 2R3k, DT 498 5 i g 4400 i 1) 2 28 1 R % e
71, BB EMT [ &R 5%

224 Wnt/BEKEE [ (B-catenin)

Wt & —2H BRI 1, EfE B R ORSY
B-catenin & —FZINAEE F BT, | Z2Z SAENIE
I SRR L E) B R A R4 . 24 Wnt/B-catenin {55
T R A B A DR i PR i A S AR B I RE S i I, A
AEFBUR 5 8 B FEWE , DTS | A e 1 e A=
R, TEXFhREMOLT, pIBCHE AR b 5+
WIRE, IFERB RN SR e KT (0
TCF/LEF) 45&IBINEGY), ZEGW s T ilf



2025; 52 (&)

TAEA, & HiEFRREFSATE LR - REL R a9 RS

<2021 -

FR SR FRE, FEOE R AN RREHEREAL, R
LR IR ZRAE T) . 155 EMT I R A 0k sh i
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th 2w £ HE i AR & RO B
(pseudopodium-enriched atypical kinase 1, PEAKI)
e 5 LS EE 1 20 A SRR G A A S8 i IR AL
ity N R IeSEA b B R i e AL AL 1 A 1 A
T, RERSEUEZ AR AN AR TR . R M

ML) Sre FIMAPK {5538 1, BUH TGF-B 5 LA
e I R AU o e i L e R ¢
A £ B3 (integrin B3, ITGB3) fEAEMIE LT,
PEAKI1 BEf% 5 Src 45 &, JF 42 i Src 75 6 &
ITGB3, 1A TGF-BZARMA KN FZ kLG HEH 2
(growth factor receptor-bound protein 2, Grb2) 1
BEY LS, NNiEmIEL I TGF-B 7 5155
AU EMT 1 . i PEAK ] BT, iX—HLHI i
TR A TR AR B R A R AR L, S

B AR R OIS, PEAKL AT IR ik e
P2 TGF-B 155 2 ML) Smad2/3 id D)4 2 A28
EGF, HGF, IGF, EGF, HGF, IGF,
F§F» MEGH rors 1RGz, VG TGE.p  Fibronectin TGR3
Wnt \ '
N Integrins ‘ qﬁ © % U
Notc! _BZIk Sr
IL-6 %; Dﬂ% i X giiliiafi s m ——
O &* \ \
v e ) ( ‘TRAF6 SHCA
JAK ILK PI3’ 3 AB;T SMID" L PEAK1
v v N Y SMAD2SMAD3
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e sos SM;D“ i
GSK3p gy  SVERISMED / \ l
CSL E RAF \ RhoA
Y p38 JNK l L
STAT3 Hypoxia ¢ -
T L i MEK1/2 S
v SMAD2 o l SMMAD“ L
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Fig.2 EMT pathway
E2 EMTHLHEH

EMTHLH5Z TGF-B-SMADfF il % . K E T miRNAsZE . F5kH . Wnt/B-catenin, PEAKISFL ARG Sl B TGF-B: Fefbd: K
[ -FB (transforming growth factor-beta) ; EGF: /LK [HF (epidermal growth factor); IGF: i ZFE/E K KT (insulin-like growth
factor) ; HGF: T4 T (hepatocyte growth factor); VEGF: I4E P9z 4/ K (vascular endothelial growth factor) ; PEAKI :
O S AR 1 (pseudopodium-enriched atypical kinase 1) ; Integrin: # & % ; Wnt: —ZRAWAIE S EAKE (Wingless-type
MMTYV integration site family) ; TRAF6: i ¥RIE K F3Z A F6 (tumor necrosis factor receptor-associated factor 6); GSK3p: BiJF &
A HHERE3B (glycogen synthase kinase 3 beta) ; ROCK: RhotH5&4: M€ 5 (i (Rho-associated protein kinase); AKT1: AKTZZ[Ri%
fiti1 (AKT serine kinase 1); RAF: 1R3d il 47 4k N J8 34 B¢ (rapidly accelerated fibrosarcoma kinase) ; ERK1/2: 4l il 4M5 5 8 15 i ity 1/2
(extracellular signal-regulated kinase 1/2); ILK: {28440 (integrin-linked kinase); JAK: Janusii{/# (Janus kinase); IKK: IxBy{f
(1B kinase) ; B-catenin: BIKZE [ (beta-catenin) ; MAPKK: i 4324 503 Ak 1) 25 (1 B i % (mitogen-activated protein kinase kinase) ;
INK: c-Jun Z L5570 (c-Jun N-terminal kinase) ; Twist: TwistZZ B M2 iE - 8- 12 e % S [T (Twist family BHLH transcription factor) ;
ATF2: iG55 5% K F2 (activating transcription factor 2); Slug: Snail %% sk #1 il P72 (Snail family transcriptional repressor 2) ; Snail :
Snail Z 5% A A 71 (Snail family transcriptional repressor 1); ZEB1: #{18E&Z5 & RIFHEME 11 (zine finger E-box-binding homeobox
1); SIP1: SmadtiHAEHZE1 (Smad interacting protein 1); NF-xB: #%[HF-xB (nuclear factor Kappa B); STAT3: {5555 RI5E 3%
[AF3 (signal transducer and activator of transcription 3); MEK1/2: f/ZUst b izE [ BTsmtEdi1 /2 (mitogen-activated protein kinase kinase 1/2);
RhoA: Ras[RIJRZ M 5 A (Ras homolog family member A); MLC: WIERZEE 4% (myosin light chain) o



<2022+ EMUEEEYIEER

Prog. Biochem. Biophys. 2025; 52 (®)

3 elFSAXEMTHI AT

FEREM R 2 2R R, Bar, s
B HMAYIT RO ARz —, H
H1 eIFSA A by S — /1> 31 8 A o A 2 o0
elFSA i i 8% EMT 2 ¥ ik Jig , Al itk — 208 4y
PRI A A iR 280 (B3, K1),
3.1 elFSAEIT & H(E S @I EMTHLSI FE T
3.1.1 eIF5A-TGF-B/Smad-EMT{ I

] A% P B R BR % (anaplastic  thyroid
carcinoma, ATC) J&—FfHAG & iz 28 H X bp
HEY Tk 250 N2 MR, B i TS A RUIRYT
FEWE 1, Hao & ' F5X KB, eIF5A2 £ ATC 4l
M A RN B . BRI eIF5A2 235 ]
i M SW1736 41 Jifd i Smad2/3 (8 R 1k 7K F
JFi5 T SW1736 Uil i 72 AR SN R A P & A= 4SBT
R, elFSA2 [ 53 {7 ik REf5 3% IR Bk iR 1L
Smad3 B ik, JHIETE 8505C 4IRS
P B BB il R TGE- B 3 8% H5 S5 311 1 57
SB431542 51l i Smad3 5557 P siRNA # fik Smad3
(Feik, Pl Smad2/3 (3%, AIFFAIC eIFSA2 i
FEIRNE LT 8505C 2 L A B 15k

Subbaiah %5 70 fE > L A £F 4E  (cardiac
fibroblast, CF) 4il ifg iy BF 58 0 & 8L, 25 ik i
(CPX) i@ 410 DOHH 1% P U M4 ] eIFSA f 76
b, WEWER T TGF-B i3 1Y CF 4 A 18 55 17 L
G T DA AR, R T ORI RE .
3.1.2 KRas-eIF5A-PEAK1-EMTH T

TERIRIE BT rh &2 B, eIFSA 2 &k it %
KIS, KRas 7EHG sk KT LR T elFSA Rik, 4
fi I N1-BRE -1, 7- — & 3L Pide (N1-guanyl-1,7-
diaminoheptane, GC7) ¥ @i{lk eIFSA B}, Jig A e
YR AIG A A2 B B R A, VR —FPaESZ iR
i S B2 A, PEAKI & & A K 1Y R s iR 4t
J¥, Y7 TR 0 4 A rh IR eIFSA ), PEAKI Y
B KA LA Sre 16PE i K. PEAK 1t 5
Sre 4ty , {2 Sre M fERE AR 3. WA TGF-B3Z
M G2 AWM E AW ESESE, g smdE2
M TGF-B A5 538 %755 EMT AL & &,
3.2 elF5AE T I £ 8145 S il BE T EMT ML & B9
AT
3.2.1 eIF5A-Twist-EMTHY 15
R, FHTIRYT ORIk 20 i g 25 0 g 1Y)
FHEAGY LR, MEZ AR SHR TN

YW N FHIRE AT 5E ks SR A AL RUR
L eIFSA B ¥ J It 20 e 41 il 71 GC7. BF R 3R
B], ZZIEAA Cal27. HN30, Tca8113 4 il
T E G ER 2RI 0 R L, B R AR IA TR
B, 23 LLEAEIRYT 1 s SR 20 e 1 [R5 =
T EMTHLHII A4 . 4 GCT7 5 2 3t A B H]
Ab B Twist siRNA %% 44 () OSCC 4 igff, GC7idik%
THZZ RS HEMEMTHLE], X iE—HIEs
T GC7 A i 3 eIFSA (3% Ak 9F 1 94 # EMT
B 2o

elF5A i i Twist i i P8 ¥ EMT [ AL [FIAE A7
ETRE A prh . s kI, 2R A IR
PG 2R A Twist-1 F1 eIF5A2 8 [R5, B
JEAIER EMT i RE . JINA GCT 5, eIFSA2 BiGE
B E S, H Twist-1 £k ACER R, XEI,
elFSA2 7 J1% It 9 200 B v 3 2o 815 Twist-1 7K P2
TR T A EMT &4 . 4R eIFSA2 sl fifi
FH GCT7 W HE PRI, 5% e 40 i 9 EMT o 72
e W, S EMT [ 0] 58 0% - b % §% 1k
(mesenchymal-epithelial transition, MET) #% 7% |
T 1 61 i 200 G 1) T2 % AV 2R 1
3.2.2 miR-eIF5A-EMT FY iR

52 M, miR-33a-5p i Rk REAE IS 2 5
W RS H EMT, JEM elFSA BRIk HimA
GC7 5% 18 miR-33a-5p [ #E K F-Hf, elFSA Y
KRR, AN = B LR A X 2 5 L
B ryust:, JFi HAA S EMT 7Y, Tian 55 7
KB, elFSA2 ) 3'JEBIIFIX (3-UTR) e 5
miR-30b 454, il miR-30b ] GEiE i F i eIFSA2
Rk, FERMBAREY (B &EE . N-455E
1) BYZKF, MO EMT dE 42 . 76 8
miR-599 38 i} 45 4 eIF5A2 fi¥ 3'-UTR # i L 23k,
AT § EMT f9 & 4= 7, A, Deng % U 5%
FW, eIFSA2J& miR-203 745 i 4 Y L33
AE P R Ui 40 A5 . miR-203 18 i 45 & eIF5A2 1)
3'-UTR, 7E mRNA Rl [ KR H RN, JIf
18 o 4100 ] Wnt/p -catenin 18 % 417 ] EMT f9 #f 72 .
Wang 5§ 7 WG HE— P UESE, miR-145-3p i 1§
[ 476 eIFSA, FH W TGF-B/Smad 18 J& AU IS , 40
il EMT, BHIE'B a0 p 228 5568 7, [Fat,
Yang 5 177" 38 a5k XU G 2R R A J DR S 06 A B b g
M H B IE T miR-15a-5p 55 eIF5A2 22 [a] (i) AH H.AF
I, &3 miR-15a-5p #0417 Ji% I g 40 L eIFSA2
(2235, DT S 3 1 i 22 22 L Bl A0 S Y
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EMT. Xu %" 3@ it £ W) 15 B % 40 B i o
elF5A2 J2 41 %% miRNA miR-9 iy F iiF#br . i
miR-9J5, elFSA2 WFRIAFEAL, [FIT bR Anid E-
cadherin f¥) 23k [, 11 0] 78 kR %) Vimentin A9
FRIRT, TAIEIE /N AR EE  (non-small cell
lung cancer, NSCLC) Mfx& 5% . XKW,
miR-9 1] RE i 1 ] #55 eIF5A2 3K 18 45 NSCLC 1 iy
EMT 2, JNSCLC HiRITHEME TR A5
3.2.3 elF5A-RhoA/Racl-EMT i

TEME iR B ML, RhoA il Racl 1%
PR 5 | R LS A A B 2R R s 2, S an
(R H ORI, S T 4 e e e 200 A P i 8 R 28
J370 BFFEFEM], Rho GTPase BT 7 i H: GTP 4%
HIEX AR R YEE , I 52 5 RhoGAP, RhoGEF
FIRhoGDI FRE A JH = = BLAh, FERFm A,
elF5A 1 i 3Rk i £ 0% T RhoA Fll Racl, 1
VAT AEFIMR R BT, o P8 4 L 3045 T 5 )32 30
RETT o X —AE I EAEE N 1 -8 A e R e e 4
IR ZEFE R RE , 0 JFaE S SR MR 1 e 0 e 4
HET EE AR B
3.24 eIF5A-ROS-EMTHY Y

o ) M ZE (reactive oxygen species,
ROS) TESAALN PAAE T o] S 24z, If 50
T R ZB LRSS UM OC . ROS BEAE I8 i 11 H24
b OGS Y A1 ML 2 P T, R s A0 M Y BS E S
B S I A, IR elF5A42 BRSO A
GC7, A i % T~ ## ROS A & 3£ K (40 SOD1 .
SOD3 1 eNOS3) Wik, FEARAHAN ROS KF-o
X — VAR FA SEm ] T A A2 22 L 7 RE
J1, [RIEF s T EMT i #2 . iX 3R], elFSA2 i@t
JAHE ROS A 98 200 JE0 0% S0P 2 e v e G S AR
L BB TERRTT LA
3.2.5 cIFSA-MTAI1-EMTH s

HRSMIRAET 1 (metastasis-associated protein 1,
MTAL) 2R A I N KGR0, 5
Z PR i 22 RN R B AR G 720 7 B s rh ot
FERM, eIF5A2 (K /K5 MTAT & IEAH K.
i (% eIFSA2 1] LLii 7 # Cyclin D1 1 Cyclin D3
263k, BEIH MKN28 40 i 59 58 , [ i3 2
PP MTATL . 20 B A 8 40 e 3 A g BE A (cellular
myelocytomatosis oncogene, C-MYC) Fl1 EMT i
T, 0 e g i R RS AR 2R Y

A, Zhu s 2 WF5R LB, elFSA2 5%
P B 1 S Bk B i (GCNS I TIP60) , 15

C-MYC 5 MTAI FH G 2hF g Gaeds, i iR
MTAL ik, X —HLHIMEHE T 45 B AN iR 28
PRI KL JE, N eIFSA2-MTA1 Rl 7E g 545 7% v
(PR IR AL T E 200 Tl
3.2.6 PI3K/ILK/PKB-eIF5A-EMTHH T

TS I, eIFSA2 RN AL 3 34
(phosphatidylinositol 3-kinase, PI3K)/# & &K%
2P (integrin-linked kinase, ILK)/Akt {5538 %
(T IERkn 431, PI3K/ILK/AKt i B& 7R S th AR
ForEee, St . /705 . T, =28
Tiif 245 14 45 T VA 6 00, AR B, PIBK g
% 30 oL B2 5 eIFSA2 1 16 M (1 e A8 H ik K
), AEIEEMT B &, i B BN 6] JFibr a5
(PR A . SR HE A Smad) 13 L
P, DK EbREY (IE-S55&EA) MM,
AT 5 P 0 2R AR A AR 2R AL RS RE ) 7
3.2.7 eIF5A-STAT3-EMTHY

TEE e R A, eIFSA2 3 i 2 & STAT3 Jf:
PRI NI, FEAR MR TR R A R K- STAT3
EAHE TGF-p I sh FIX 42, M8 TGF-p
L SETEE,  FI8 TGE-B1 A TTHA S EMT ¥,

UtAh, Fang %5 ' BFGR M, 6 1 s SR 20 i
b, BBk R 25 B3 T JH STAT3 Al C-MYC
(36, TS GCT B A 8 ) 8 08 & I
STAT3 Al C-MYC [ 5K, X478, elFSA2 1]
B3 3 P8 455 STAT3/C-MY C {553 [ S bt i 11 Js i
RA R H EMT B &, S HAR B RSt T
TSRS
3.2.8 SHH/Glil-eIF5A-EMTJiH4y

Xu & 10 FE AR ST R R B, TR AH G
i JE I IA JR ¥ 1 (glioma-associated oncogene
homolog 1, Glil) F1# 8 A+ (sonic hedgehog,
SHH) A4 3015 5 B0 IR J 4 i A 38 7 . 1R 2B LA K&
EMT % VIAHIC . Gl 3 2 2 i2F e i g 40 it v o o
BESENTRERIL, i eIFSA2 iRE %1, S5
[ B bR R e A e A, B R AR
E AN

BBk, 1T SHH 755 i 80 3% 8 7= ) A 9 e T
R ER . ARIEFAFEE TR EEEEN,
SEFRH, IR AR EMT ., H5H | {RBMEER
1152 3| SHH-Gl 55l B A+ . ik, SHH AR
T Glil | eIF5A2 19363k, MR BB R
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3.2.9 AR-elF5A-DHT-EMTH Y
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o, AR AT TE [a] 4 e SR A 1 20 A eTFS A2
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DHT) 550 EMT, e ZHE 751 Bt 4 M i) =
FEMEERS . X FM], AR-eIF5A2 il ] HEFE 41 s
M R R A O EH .
3.2.10 elF5A2-MMP-2-EMTI¥J 45

4 )R  F ¥ (matrix metalloproteinases,
MMPs) E&EEAMAENEEMRG, BERR
PEREAR IV BB R, FE4EdRe IE 5 AL R4 C
HEAE M, Wang 48 U BIFSY L B, A IR A Y
W, eIFSA2 A LLE o 0% i R 1k 7 INK F11 p38

miR-33-5p
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PI3K

o8
TIP60

MAPK {5 5 i@ % i 5 MMP-2 /9 36 ¥ o 1k oh
elFSA2 A] Eiill i MMP-2 i35 P 2 4 1755 EMT it
SHOGPE R BRI R BT RE T, DI 5 e 1Y
M A R ) Jefz 280 1, X — Rt — P w
T eIF5A2 TE g 3k g v () J 243 1L
3.2.11 eIF5A-HIF-10/CBP/p300-EM T 5
HIF-1 38 53 5 5% s A0 R -F- CBP/p300 HYAH H.
YEH, BOE S ImAE AR RIS . RZE ML
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Jig oL AR U AR A0 R, TR
RANAIE T, eIFSA2 BEAS LS A HIF-1a )8 8 T 1 5E
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miR-203 miR-145-3p
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p38 INK
HIF-1a
¢ ) STAT3
Twist
MTAI l
Sre
Vimentin Grb2 1 l oy
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CBP/p300
SMAD2/3/4 Racl ROS C-MYC

l

L

EMT

Fig.3 elIF5A is involved in regulating EMT mechanism
El3 eIF5AZ5iFZEMTHLE

———: EB IR 5
M ; KRas: Kirsten K FLAR AL [REE#E  (Kirsten rat sarcoma
oncogene tyrosine-protein kinase Src); Grb2: R HFZIKEEGEHE M2 (

: EEE R EEER . eIFSATHFEEMTHL 43 Ay B4 i V- FH A B E ) P83 /EH . Vimentin: 38

viral oncogene homolog) ; Src: J5UFAIEHAEZ IRBE & IRIKE (proto-
growth factor receptor-bound protein 2); RhoA: Ras[AlJEF %K 1A

(Ras homolog family member A); ROS: JiiP:%3S (reactive oxygen species); eNOS: P Z—% LA GEF (endothelial nitric oxide synthase) ;
SOD: #BAMYE LA (superoxide dismutase); HIF-la: IG5 755K T 1o (hypoxia-inducible factor-1a) ; GCNS: —FP4l i H L BEE B B
(general control non-repressible 5); TIP60: TathlEAEFIE 160 (Tat-interactive protein 60); CBP: CREB%:&ZE[] (CREB-binding protein) ;
p300: E1AZ54E Fp300 (E1A-binding protein p300); MMP-2: 4 JEH (2 (matrix metalloproteinase-2) ; PI3K: i iR VL E% 3- 1k it
(phosphoinositide 3-kinase) ; PKB: % Hi#[##B (protein kinase B); SHH: /4 F (sonic hedgehog); Glil: i AH I 3 [F] IR 1
(glioma-associated oncogene homolog 1); AR: M Z Z& (androgen receptor); DHT: & Z2fi (dihydrotestosterone).
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Table 1 The role of eIFSA modification in the regulation of EMT related facotrs in disease
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miR-30b (B U,
miR-588 () 7,
miR-15a-5p (RS U7,
miR-9 (FE/ N4l 781,
miR-33a-5p (ZBITESLIRED U7,
miR-599 () 73
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Abstract Eukaryotic translation initiation factor SA (elF5A) is the only known protein in eukaryotes that
contains a hydroxyputrescine lysine modification. Only the modified form of eIF5A is biologically active and is
widely involved in protein translation, mRNA degradation, autophagy, and other intracellular processes.
Epithelial-mesenchymal transition (EMT) is a process in which epithelial cells transform into mesenchymal

phenotype cells through a highly regulated program. It plays a key role in embryonic development, tissue
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regeneration, and wound healing. Based on its biological functions, EMT can be classified into three types: I, 1I,
and III. Type III EMT is the core mechanism underlying malignant tumor cell invasion and metastasis. This EMT
mechanism involves the canonical pathway induced by transforming growth factor-p (TGF-p) and is regulated by
various growth factors (TRAF6, EGF, IGF, HGF, VEGF), transcription factors (Twist, Slug, NF-«xB, E12/E47,
SIP1, ZEBI, etc.), and signaling pathways such as Wnt/p-catenin and PEAKI1. elF5A can influence tumor cell
proliferation, invasion, and metastasis by regulating EMT-related signaling pathways. The known signaling
pathways through which eIF5A regulates EMT include the canonical Smad signaling pathway and non-canonical
pathways such as Rho/Racl, Twist, STAT3, and MAT1. Additionally, certain miRNA family members, such as
miR-30b, miR-599, and miR-203, can bind to the 3'-UTR of elF5A2, inhibiting its expression and subsequently
suppressing the EMT process in cancer cells, including gastric cancer and colorectal cancer. GC7, an inhibitor
targeting the key enzyme DHPS involved in eIF5A modification, has been shown to reverse the EMT mechanism
in oral squamous cell carcinoma, lung cancer, and breast cancer by regulating cytokine-mediated signaling
pathways, including HIF-1a, STAT3/c-MYC, and Twist. However, to date, no inhibitors directly targeting elF5A
have been developed. In recent years, the mechanism of elF5SA activation catalyzed by DHPS and DOHH has
become increasingly clear. As the only protein involved in lysine deoxyhydroxymethylation, DHPS may play a
more critical role than elF5A in the overall signal transduction process. Through in-depth analysis of the DHPS
protein structure and its active site, researchers have shifted their approach to DHPS inhibitor development from
substrate analog inhibitors (such as GC7, CNI-1493, DHSI-15, etc.) to allosteric inhibitors (11g, 26d, 8m, GL-1,
etc.). GC7 is not suitable for clinical trials due to its lack of specificity and low bioavailability, and the therapeutic
potential of novel allosteric inhibitors has yet to be clarified. Therefore, there is a significant gap in the
development of covalent drugs targeting DHPS for cancer treatment in clinical settings. This paper reviews the
research progress on elF5A in regulating EMT, focusing on the molecular mechanisms by which elF5A influences
tumor cell invasion and migration. It also discusses the characteristics and current limitations of inhibitors
targeting the hypusine pathway, aiming to provide insights for studying tumor metastasis mechanisms and drug

discovery.
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