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The biological functions of aldolase and its regulation

mechanism in hepatocellular carcinoma
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Abstract: Hepatocellular carcinoma is a malignancy with an extremely high mortality rate, and the abnormal
expression of cellular metabolic enzymes perform important roles in its progression. Aldolase is an important
enzyme that regulates human energy metabolism. It mainly regulates the process of glycolysis and
gluconeogenesis. Its abnormal expression is closely associated with a variety of diseases and can be used as an
independent prognostic factor for a variety of tumors. With the deepening understanding of aldolase, it was
found that there was abnormal expression in hepatocellular carcinoma, and it promoted the proliferation,
metastasis and drug resistance of hepatocellular carcinoma by regulating cellular energy metabolism and
interacting with other proteins. Furthermore, some aldolase-related compounds have been gradually applied to
the clinical treatment of liver cancer, and novel inhibitors developed for their binding sites are expected to
become new targets for the diagnosis and treatment of hepatocellular carcinoma in the future. Therefore, this paper
reviews the important biological roles of aldolase in the occurrence and development of hepatocellular carcinoma,

in order to provide new ideas for the diagnosis and treatment of hepatocellular carcinoma in the future.
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JHF4 e (hepatocellular carcinoma, HCC)sg&—
FRBE T 280 ey B PE IR o bl T IR 4 s A 5
W2 RW AR, R 2 HUR 3 102 I R A i e e
W, WEWZE. BRI LFEARRT .
T RBIRIT L RN AT N D R R
DRI B R L B G 52 2%, G v e A R A U g
(A8 fb & — AN E BRI P, R AEE R T AL 4 F
5 2 MR 20 AT 2 0 0 I A A%y 2 i fit
Re, IXHEFRA “IRIAFE AN, (Warburg effect)” o I
BN BT e 2 R S A, 3 EUR R TR
A o

1% 47 i (aldolase) & M i fiff ik F2 Hh A 2 EEAR Y
filf, HFGELYEREA(aldolase A, ALDOA). BA4EMFB
(aldolase B, ALDOB)FIE4i#C(aldolase C,
ALDOC). TR, HERHAT MARBAHSH— &
HIRE TR, T 4 2 A A i ) ST TS X1
IR AE AT A IR G e I T A E o I 4
TE JFF 20 g vh B QS A D S T e, A SO I A 1
T JF 20 s R AR R R TR AR AR L IR
FIEACTR AU w2 vE R = A IR AR SR R
WL VRIT AT SCRE R AR, DL I 40 g 12
I AR B LK

1 BEZREg S WP T REREB TR AL H

1.1 BAEEREYFINEE

FENRA PR, T4 Bl ) = (R T8 e =FpAs
[ ) 2 R g b, B AT 20 0 B2 #E17q11.2. 9q31.1
M17q11.2, BERENTHA RGO FR R R,
B2 R R A 70%% . X =Fi A TEEE A4k
REWAFEG B A FEE AT 225
Tk FERGILIT I, JHWE b ) 4 B LLALDOA N
FERIARA, /5 ALDOBIIRILZHT S, fF
FFRE /3465245 5, ALDOAFI ALDOCIE i 2% 14 ik /b
By, M, ALDOAXERRAENINHLR 2
ik, ALDOB}EIRTER . HF. B A 7iE b #ikE
1 ALDOCHE RN AE K 0o AN GRS 22 3R
K, BRI N AR AL 4 2 Sk Rk I I 2 4
PES R IERIAS R AR A AR AR oM

ALDOAZ HRi#F i) 2 (ARG A% 7, 3
T RIE S Z MM R AR RIE R BN IK R
P A A 23 AR 2 DD AR O . ALDOATE A A Y 1
AHEH T ER S 5N MR R R
fEiFE . ALDOANS ARHE-1,6- — B2 (fructose-1,6-
diphosphate, FDP)¥ 1k 3-8 i H i i
(glyceraldehyde 3-phosphate, G3P)FIER — ¥ A
(dihydroxyacetone phosphate, DHAP), fE)5%:x
Rirp, DHAPEBERR P BE 7 44 Bl 1) 4E H F #4k y
G3P, #RJ5—A 5% T (NAD)TE3-BRR H it it
AMGHIVEH N A BGE IR Y5 EE 1 (NADH), B 5 il
JiE H FTN ADH % 8% 21 28 R A b i i i % 12047 48 4k
FEEATP, gufuAChe it ae & .

ALDOB SUFR JF 24 ik 4 g SR 0% — 0l IR 1 4 1
B, {EHNEAE A K1k . ALDOBTE K 73 i
AR R T EER YRR . R R AL
R B - 1- 1§ FR (fructose-1-phosphate, F1P)J5,
ALDOBF# 5 ¥ F 1P A# JyDHAPAIH i, H-ih &
Bt 5 1l i B2 Ak N G3P, DHAPARIG3P Al HE A BH B fif
FpE A 87" ALDOBE R th Rk Fehs sk i = T
FUR A FEANTY 52 (hereditary fructose intolerance,
HFI). HFL&— 0 5 D 5 G (AR R itk a8 4% 4 S b
R, IR N ALDOBSE R 58748 5 BURBE 4> fift
BEhs, F1PK & BB IR 20 Ao s A A 52 3]
], JFS R 45 G, BHWT ok ) s B AR
W, AT 5 R 2 MK e A g £ PR HfE 5 — 2R E i
o WRABATIBIT BT, X L8500 w] i K
B IhResEs, A SBURErI,

ALDOCEEEMA RGP RIE, BIEHEE
0P, S ANHE. YFHEZUM(Schwann cells), £ %
R Zhmal M, B RS T ALDOCHIRT 7T
B, FEERTME RGN . (HEHIT
R, ALDOCTE B P imiaik, Jf vl s i v
R AR 3 B gt
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SRR I mRNA L $5 U1ECW 5 A0 A0 58 45 5t
B, #IrRES>WEE R, ALDOALIAE
ALDOAV)FE K $% VU 5 25 X DNA H B A A7 AE i 3
FHOCHME, $R7R AT 4 fd - ALDOA 15 1l fig
5 ERBLHIE L.

FESRCP 2 AR B R R s TR 1
HEN . EREAEY R, T LG
ONEE, [ AT AR . RS T
&M 5F RDNAFPAIZ A MEAR, TRk
W, H2KPOUL M KT 1(POU domain,
class 2, transcription factor 1, POU2F1)A] 5
ALDOAMEZ)F X455, 2 ALDOA mRNA
(IR, BT ot Bl e A R e 2 B i 4 I
EAZ 41 B 1 11995 51§~ 1 (megakaryoblastic  leukemia
1, MLKI1)tHA] 3@ i B 4% 5000 % 4F %5 $ ALDOA
RIE, (REt Fan e it g, s Bimtre
REARRG A B i 2 T AR, No-H iR
1 (N6-methyladenosine, m6A)EAfi & N 41 il
R, RFEE mRSTFREREBW . Niu
SIS T A2 B, ALDOAR #3515 =2 HFTO
/- FHIm6AEM, JF HFFEYTH N6-F Bl HRNA
4545 | H2(YTH N6-methyladenosine RNA binding
protein 2, YTHDF2)[Z 5. £ 40 M mdbr
FTO#:[X, ALDOA mRNAIm6A F 34k /K1 i 2%
5, HALDOA mRNAJFEARENINGE 7. X6
FTOXfALDOA mRNA H)F € B A i EH .
Shao %5l FH TCGA % 4f8 % 43 HT ALDOB 5 m6 A 3k
R MG, 45 KB, ALDOBS A FIE{LEETS
P FF 85 1 14(methyltransferase-like 14, METTLI14).
N LB HEAAE RV EAS5(ALkB homolog 5,
ALKBHS). YTHZ M & HEBE1(YTH domain-
containing protein 1, YTHDCI)%m6A H 3L AH %
ERNMREYGEHEREZEGIHER, BIRGLE,
ZAIE T IR I W 22 S AR ) LR AL . B O R
B JE B T B T AE B R BRI S & T —
AN TR, XA A BRI . B
ZEM. SRS H A 4 I B R S 1A
N, AR B R IE IR B [ [ (catenin beta 1,
CTNNB)ZAZ 40, ALDOASer367 %
WK B mFEAR, BRTHFEMRELE
i KRR e 0 A g e Y

AE 2 T RN A -t 75 J5 PR 2 2 1 42 0 A s
HERED AR, M v 2 2R 2 30
Fw Rk, K VR 2 B A S hmiRNA
WangZ PR B,  miR-34a-5p 5ALDOAI3'UTRIX
GE G IR AN LR Ak, AT S FH s 4 PR T A ek
559, 12 0 ;)2 L RNA R 5miR-34a-5p 55 4P 45
BOZAL R, AR T T 4 L P A I R

gr b, ZFhEA SR AT DUE I A [F 1 2k K
RILIKARAE B AR G 5 W5 A, X2 R EOL R
IR A . Bk, PR BRI R R
A BT BRATEE Gy R I 4 N 5 T A0 e A
HMLEIIOC &, CAASN R0 e 127 R it i 2
M2

2 BEAEEBEE AT RN Y F IR

2.1 B4R ATARERIGE. BRBE
HAEl#F 7R, ALDOAL4: . B, i
AU 2 T IR R AR R R B DIAR G, AR HLAE
JH g v B R R A5 B e RS . A SR,
ALDOAT] DL i 25 5 W I At A2 (i a2 JH 20 P e 1
T RS o WETRE R IR O A RE 5 A EALBEIR AL
AT, B LA AT FE B AL BE R AL T,
B BE T A A AU B 7 oK IR IR Ak R B
(AMP-activated protein kinases, AMPK)J&—#&
FeAl B, FERNBOIRES T I BE S AR A AR HE 2w
s mEMIETEN . ALDOARIL i T
AMP/ATP LE R M fe it 7 AMPK [ B R AL 5 1L
Bt J5 AMPKGE 1 22 T 9t 30 6 308 425 e 200 i 1)
B ERB U, I AR I R R A 45 4 i P K
W MpHMEE, BMEpHEE RS EAK
it WAL I 4 8 A 11 -2 (matrix metalloproteinases-2,
MMP-2)., 2l & EHAMH-9(matrix
metalloproteinases-9, MMP-9), HZIEAEFB. 41
U AR LR AL DL & B (e o B N R AR i R
(vascular endothelial growth factor, VEGF), {it
iR (e R 120
ALDOAGREW 2 40 e (03658 . e, 53
Hh— MR EE R AL G Rl A S T -1a
(hypoxia inducible factor-1a., HIF-1a)-ALDOA% 5K
B, ALDOA S HIF-10J i IE RS B, 3 —
A INERHIF-1aff)221%, T HIF-1 a2 SRR 5E
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HER NIRRT, % iRYTS 5 R R
WH . T, REA R -TA] 5% A (epithelial-
mesenchymal transition, EMT)) 24N 3E K &k,

b T WEREfR IR R4, ALDOAZRN ] JE i 35 4l i
FEE ML 2 s 4 M B Gl . A . R4 RG] S5 F-
WLZh & B 90 M 28 A0 BARE A, 5 me i g g it
FEB), ALDOAIR n] #:3z 2 41 i i% 2 5 40 i & 31 1)
SHAFER AN M FE Y, X B S SR R Fe-jun
AHELAE )42 4% V4 e/ 25 -8 (interleukin-8,  IL-
8)~ WURF S W ER B 1(dual specificity phosphatase
1, DUSPI1)HI & = W ER B 11 45 I 5 15 A (protein
phosphatase 1 regulatory subunit 15A, PPP1R15A)
SRR N R B s L . Ligk SR L,
ALDOA —Jy [t ] i i i 2 1 i ZX RbHLH e = [A]
F1(Twist family bHLH transcription factor 1,
Twist])[FKIA, FIEFMMPE A5 0040 403 5
BEf#: 3—751H, ALDOARIE NHE-F5& A,
S EARMEMT, X AL 1 -4 i i 3
JE. .

5ALDOAE AR, ALDOBHRE I
MR A, HAEM AR RA TR —J7im,
ALDOBIPER 7] S 2 i 2 %2 & (insulin  receptor,
IR)- i A Pt UL -3 -3 (phosphoinositide  3-kinase,
PI3K)- 2 R /7 R R ¥ ¥ (automatic kernel
tunables, AKT)if B0 FIRAZ 25 A7 (138G I, {2k
WA TG 07 A B, DA SR 24 s P A KT
Re B R, Y — 7, ALDOBJR AL it JEF 2
A8 FH A0 81 i3 1) % A2 .- ALDOBYE JFF-a 4 i Hh e %
SAKTHEAER, I AKT27ES47447 £ B IR
Ak, DT BELIKT U B, S B4 A B 4H
R A U B 52 4512V . ALDOBIE AT i 3 b 3 F 3 iy
W5 IE XU B 1(TET methylcytosine dioxygenase 1,
TETHfI I EMp ALK, T8, XalgeiEst
BN 3 2, R IE S, tk4h, ALDOB
AT DL o L 2 R o 1ol TR A M e A v ) e
HRE-6-WE MR M =W (glucose-6-phosphate
dehydrogenease, GO6PD) KN E IS, M
s e ) e B

ALDOCTE N\ 5595 Al 22 P i v ik B,
HIF- 1o fE S A SRAT T 5 H U 3l 1 DX AR AU S
JRfEE G, FEORER A E TR, TR AR

J5F B 400 AR R B e 1 & 2B R P, HALDOC
E e AR F AR A BIIE S

T 45 B 3 5 IE SE 5 Wnt/B-catenini@ 5  C . iE
9 W = 7K P R AR T AE B-cateniniF PE R K UL KR
WA, We-mycMSOX-9FKEM N, H
ALDOA F1E F W12 T Fo Al e i g e f ik o 1 —
R FUR I, WA e S0 G R -3 B
(glycogen synthase kinase-3p, GSK-3PB)4h A KA
B-catenin[&fif 2 A WiEYE, M P AR & [ B-catenin
AR R MG S TR 1/ g R 18 1
(T-cell factor/lymphoid enhancer-binding factor,
LEF/TCF)4i &, W LLEZ) Mt R R s, i
SR FEMTE?,

gR b, TR T U ST g 14 5 R A A B i A
Fe Il I 22 Pl s S Y, AT Y e E L HURR
P B 9 IR R T R AT BRI, 4 2 R ORI 4 L v
I7 RIS TT 1) 6
2.2 FRLRERIFE I BT AR RE I mi 2y

WKW, ALDOATE Z Ml (i i g v 35 g
i {2 338 b R 4T BT 2 0 00 R AR DAL Rl i,
HIF-1a-ALDOA A2 (L BE R 4R A2 4G L 1R 2% 1
HERA. —J7, ALDOAM FiRig&ErI bl k-
A CE 2 (hexokinase 2, HK2). M2 PR
i (pyruvate kinase isozyme type M2, PKM?2) & H.IR
Mt ZiF A (lactate dehydrogenase A, LDHA)SEHHE i
HKEEMGOPD . K HE-5-BEIR 7 MM A (ribose 5-
phosphate isomerase A, RPIA)SERERR L HE &2 AH
KEgMFRIL: 53—, ALDOAIL @i HIF-1a-
ALDOAEAE T VR 4 i N 5 14 % (reactive  oxygen
species, ROS)7KFH1 B ybF 4 175 5 (1) 40 i 3 -k
I 5 Jo R A0 e BLVb R AR 2450 . DA OB 7T
¥I2W], EMT ST 254 %, i ALDOAH A]
W T IHE-FS R A S AT A R M EMT

JH 20 23 Fh ALDOB HIG R I8 B 1 B 12 L
57 B AT, 049 R 40 M bk 5 B A T
(nicotinamide adenine dinucleotide phosphate,
NADPH) A I H IR A s, A BT 04
A — B AT 25 AR BT . T AE B R A
LR B R AR ) AT 5, 4 HBs 5
ALDOBZ; & A LMEHEAKT. GSK-3BF1Bcl-225 [ 113
TE(ERERLL), T S B s E TP,
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2.3 EE4EEEE T AR BB RINE

B85 T IR A BRI AN B, AATTHE
PR 21 R R 1A 3% (tumor - microenvironment,
TME)ZE I R A3 Ve 24 1 R R P ) B AR . Bk
SR TMERFE R, TMER) Eh Bl f 4 e vese 1
Jg B A I R, JF BAE MR R A AR T
PRI 245 %6 1 R v R 45 A TR G EH . ALDOA
PR A, (AU AL RIS £ . it
HIF-10-VEGF AR 2 F2 - 1 (arginase-1, Arg-1)i&4%
B S0, R 40 M HE 0 FLR 5 R ] e A
HIGE FHE 32 14£132(G protein-coupled receptor
132, Gpri32)JE R — 4R AR/ 2 R B0 2%, RERE I
5 EUWRAE M, R AT R AH OC B 48 i (tumor-
associated macrophage, TAM)MPUIHIREM1 K B 4%
R MEM2ER AL, Ak, TMEH K- P AL ER
34 RT3 3 U A R 4 40 Pl (myeloid-derived
suppressor cell, MDSC)FI H %A %45 41 fd (natural
killer cell, NK)J&ETE, 0l e fitl, (et el
#P%. ALDOA ATt 5 R i 41 iR SR 5E A
FHCAARHE S A R 4(tumor  necrosis factor ligand
superfamily member 4, TNFSFHAHEAEH], #Eif
PATICDA R ThAE, RN =i AR,
H M A&AG 7 iEHALDOB. ALDOCH & 5
TMEAFAEAHELAE o

RENTELZHINIRE], TMETE I8 3515
PEM 2 B R EEAR A, SR a2, kA
Yo} TS 44 Tl s 1) 8 TME [ EARATL R R 58 4 T f
R T R — A R A T
2.4 BRAEEERIEA AT REISIT#EER

ALDOA [ Z&IE X FFIE B+ 58 A 955 A2 1) 48 501l 12
WrA A EER Y, HREasiE, ALDOATEIE
W R B A R A B R
BU S5 BHPE R AL, T AE i 4 23 b B R BH 1t R A,
TN K B P Bk TR I8 A T AR Y. R,
f# FHALDOA 5 H ifi 75 [F (alpha fetoprotein, AFP)Ek
AME, AR 2 kR, ALDOBFFE
F& 2 B R (K TS U, R IAK RS
JRe R R A R A — s AR SGME . B B TR S,
ALDOC 32325 14 i s J5 15 400 g 82 70 et

VAR, — 8 554 Bl AH OC B AL A1) 2B 8
M T I I ARG ST« BEE BA BE B iER

FETGA B NG PERIR =PI R I, B 78RR L
B0t A M (iR T E R D 4 E H R .
PR 2 05 b i b 2 BRI AT AT, R B 4
FRREAE1.2x10° Dall T H.454 A B-8 B ) 24 5
2K A 2 40 A oh i 35 ALDOA (1 558 £ Ffa 18
JEBE /). GrandjeanZE* 5 I, ALDOARZ /Ny 148
FHHFI TDZD-8HHE . TDZD-85ALDOA R A
[F)Cys28917 454 F- 52 M ALDOARI %, AI LA
il ALDOA [1) 4 9% fige Ty i P& AIRHIF - 1o ) B2 E 1
MR IEGUIMIRAEH, (H2TDZD-84U & —Fh b2
WEF, Ht, FHRTDZD-SHIZRMIZY+ 4/ T,
Raltegravirsg — M A] LA ALDOA 5 y-L3) & F AH
HAEHBHF, GizakZWIH B —MiL&w
“UMO0112176” & Raltegravird[# 8 17 HAEH AL
il RIE A SR LB B 1A e S O e o 4 i
H ) TE KT L RRLR T AL XUEEDN AT 2
2, NI 35 S0 40 M 08 T 1 41 B P SR
SR, ChangZ5MfF 5t % 8, Raltegraviri] LLT
1l /0N B PN TR A K SO RE R MR R R, Bt
Fe N T R R 1 4 i A2 ) AR S A 7, 4
P 20 P AE B AE T BT BOVR T SR G o 2-BEIR-6- %
T 25 A D 6 A G 1 — P ot 70), AT DA o 9
205 T T TR 10 Vi P 3 1T 4 F LB L A 6 40 e 17 388
FEUT, pkAh, WERERM, YH67507] L@ T
ALDOBJE R HHCCHFEMIEH . Fr& 2R
RSB 2 Bt T, B R E Y
YH675073 T g5 ftAb . ik it R b2, 3R
THENAYIMD33, 3iE T MD33 5ALDOBRE
ARG, AN 3 00 1) e 4 B Hep G2 1) 385 58 J%
WP PR R AR K. Bz, BEYE A <3
FIXTHCCHIVRITEH S 4 o~ B A I 7T #405,
WIFFRERE T R BE Z R SE AU Lz . IR0 A iR
JYHCC(1).

3 BE5RE

gk, BAEMENENARSEhEEAER
ik, HREREZENEDAEN . B4
s 0 JE 8 20 P A (i 0 b R A B g 0, e T
ARl TR (e At Mo A M e JE . oAz, ibnriEid %
FRHL ]S R 25 9 2 TME . i I 4 g 2
A e A A R R I AR A, L AURT LR
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