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Abstract: Acute myeloid leukemia (AML), one of the most common types of leukemia, is characterized by its high malignancy and
rapid progression with a 5-year survival rate of less than 30%. The incidence and mortality rates of AML are increasing with age. Over
the past few decades, progress in AML treatment has been relatively slow. While traditional approaches such as chemotherapy and
hematopoietic stem cell transplantation have significant limitations including treatment toxicity and chemotherapy resistance, recent
advancements in the in-depth study of AML mechanisms have made targeted therapy a new option for AML treatment. Metabolic
reprogramming is one of the key features of cancer, and mitochondrial dysfunction has been widely studied in various cancers. Mito-
chondrial dysfunction is prevalent in AML cells and closely associated with the development of AML. The AML cells exhibit signifi-
cant differences from normal hematopoietic cells in energy metabolism, autophagy, apoptosis, and other aspects. Given that mitochondria
are at the core of cellular energy metabolism, inhibiting pathways related to mitochondrial function holds significant potential for
AML treatment. This review aims to explore recent advances on the role of mitochondrial dysfunction in AML cell survival, potential
therapeutic targets in mitochondria, and related targeted drugs, aiming to provide ideas for the development of targeted therapies for
AML.
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SO ZA A EVEAN 278 AML 41 i 28 R 444 Qi 5
ML S8 7S S T R . T IR UG AML 41
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J]_LIA% 1 [9, 13—22]0

2 FEBAHEAMLPER

AEB T LIEE Z MRS E = RRER, 4
FEAEA PR T =4 o- B R R EHHRRSHE
5T, Q=RBRIGAZ B EAEN, AR
WAL E AR e R 1A RE . Jones 2 A1
RAWEIC T 2 IR R LSCs H I E 2V, Kl
LSCs B AR AL A4 WP, e 22 J5 TR 1) o 2K 3 3 437
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Table 1. Differences of metabolism characteristics and targets among primary AML cells, LSCs and normal hematopoietic stem cells

Primary AML cells LSCs Hematopoietic stem cells

Mitochondrial number + +

OXPHOS +

Electron transport chain +

Glycolysis + +

Division and replication

Amino acid metabolism +

Fatty acid metabolism +

Glutamine metabolism + +

Bcl-2 + +

+ indicates relatively high among the three types of cells. AML, acute myeloid leukemia; LSCs, leukemic stem cells; OXPHOS,

oxidative phosphorylation.
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¥ AML 21 1 53 9 ROS 5 AIC AT ROS ¢ 1) 3 A
MM X 5> LSCs #1545 AML 4Hfd, LSCs EILMK
ROS. TEMRAMEFRFAT, SE BRI BT R 18
AML 20 7 b AT DL o6 I A 5 A2 45 B M
1M LSCs I AR HBE B, A — & AU IE 99 1.
R AML H Y] LSCs A A4 nJ 3 1 g s 1 A b £
FIER L, W OXPHOS, M 4ERF4n s 7
2.1 AEERREIWAMLAREFEHRIHLE

WFFE W], AML Xf 2% 20 1% 2 0 LD 0 2 f) 4K
itk P42, Gregory S FT RN, A U M g 1 ]
7 CB-839 fE 6 1% T £ 1> AML 411 il 3 4 ki 44
ROS WA, FFGmaAnf s T, XA a1
A B S AR SR 1, S BOL I o-
WA S IRk, BEAG 7 =RERIEIS, R, 2
[t 2 A A B H K (glutathione, GSH) fJ5UEL, iX
FHEEUAMF GSH K-F A%, Zekiflkdh ROS L&
AN RLBOK S s, AT 5 3 iy o

BRI NE o3 RAHS BEWS 7 A 22 M 4 0 A A7 P 5
TR, B4 o Bl AR A SR . Hf, o
B 3 R e = FRER A A R 18], (8l % S B2 7T
PAFE — EFEE L Ab 78 =R IR IR 34 vh IR ) it 45 11
AU B, T AE 68 40 B A B AR ORI R, =
FRIRAE FRE 75 B2 [E1 A S 1 SR 272
2.2 HEASBERABHIEIAML

EINIR BB A B EE AML H I Dhaefa, £FXt
BRI CE R T — BN, B
BANBR T AH O I B R IR e 18 £ VA TR KR 1 A%
i1 5 (solute carrier family 1 member 5, SLC1A5). ¥
ARSI 38 J i 1 (solute carrier family 38 member
1, SLC38A1). &5 ¥ S WaE R 1 3- & B 40 M s
(signal transducer and activator of transcription 3-
myelocytomatosis oncogene, STAT3-MYC) 4. Tfj #L
W) 5 I A7 & #E 2K H (mammalian target of rapamy-
cin, mTOR) % %1, P57 = (f AR BT DG 1 LA 2
77 AL [F) 5 Wi 5 4 L ) A A, T PR R DA
PrRIVE I 9 AML AREHEE A 1E ST St 138 i S8R .
2.2.1 $BEAEEERREEIHIAML

BRI GRS R I R B aY)
1 (mammalian target of rapamycin complex 1, mMTORC1),
M 7% 5 AML 40 R A T2 mTOR /& mTORCI1
B — AN EEA KA, AT AR EA
SARVE . TERTA BRI R, # AT AW 52 2]
SLCIAS B ML, &R 2 A B iz

HH SLCIAS 7] LAY R BRI 248 A A 4 2 e % 1R 7K
21 MYC it %t SLC1AS 146 mTORCI 7=
M. 7E MYC BUEATIREAAH/NRH, SLC1AS

ZRNE], WS T MYCT Y0 X A U AR B
MM B mTORC 3% 1 Y. gbAh, R iz
BAFEFRS — K SLC38A1 £ AML H B £
HEKFRIE, S5 EHEMARBUSHX, @k
ik SLC38A1 (1 & # B A B my A R AR AZ B R AR
K, $E78 SLC38A1 tH A B & AML A 77 138 78 41
*ﬂ—i [31]0
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MYC & — R E ALK, Rl 45 4
PERRIE . AR WE G i AR IR & BRI 7,
X T 20 B A B SR R RN R A 2R LA EE A Y 1
A PY, fE AML 1, MYC 385 4 TR BRoR &, ol
RER A S A IR & ERIRR P, STAT3-MYC #ifig
i 3 ok U T A R WA 1 32 ok 52 OXPHOS, M
S LSCs [ 73K MYC J& STAT3 Y K i 48 b,
STAT3 j# it MYC SKi+5 SLC1AS IRk, My
Wi LSCs HH 4 S BE L (1 2 AR, FH 24 B 2 /N 93
¥ STAT3 1|51 F25 4L FE LSCs 55 1E % i if. T2 i,
RIANH STAT3 Bef% ik £ % 45 LSCs, 1% 1E
H 3 40 A R B R B2, STAT3 #di m]
DABRAR R RLAR M T AR b BE A 1. 1L s 1%, 1M
TSI Z RGN o- B % R W] LAY i AL i R
AW 1A 35 1 BT, X W] F25 (1 A 5 1
B =R S . T STAT3 £ —Fhis %
K, BN G — D0t 50 2 75 e i 5 e HEF
fRIEFEE AV R RGBSR ST, SR ER, 18
STAT3 il 5, Zekifk s 715185 5 &R RIL
HEAHEAM . LSCs MA71E% T GSH tH A A K
s, | STAT3 & 'S8 GSH /KF F%. GSH i@
o 5 BE B R AURE A 95 M SR I Y OXPHOS,
ifi GSH 7KV F B & ik — B 4% OXPHOS P, 5t
BoR, THAER A BIE L IERER LSCs, 1X 1] §E A2 A
NFHADEERR AR T AMESEH ;1M 4306 STAT3 B,
Y TCVE e A AT I AN, T ZEYH B LSCs 7
T4 7 AR R T, XS ST SR T STATS3-
MYC S7EL AR T REV T R IIPER, F£ 8 AML ¥R
7 HIH R LSCs $2 4t 7 A A B A

BREBRT T MYC tHE —EmiREEH. &
SN oy 7= A 10 o B IR IR BE S R e MYC, FH
IEHZ F AL . A, MYC iE RE S 1 55 48 52 Ik i
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BEAMEE, FREAZ WL i, M iE
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FA A G T i i /s -1 1) 70 R A0 ik MY C, S — Fof
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AML 67 80 SO TS T B AR R
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P ) 8 e T A U A4 R R T R v g 1 PR B E
AR RTAT Y, B0, FMS FERS IR I 3
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L) —Fh RS 9 B2, FEHE N FLT3-ITD A )
AML 35, FLT3 il 550, R PK 2 R 8 40 ) 751)
(tyrosine kinase inhibitors, TKI) It — & VAT 2L
B, HEEHENHE VAR ", Gallipoli 2 AW
Fi 7R FLT3-1TD AML A 2 20 AR 1 40 i
S TKI 7] LAFEAE FLT3-1TD AML 41 it (0 B At F
SXoF 1 T R PR P, LR N 12 4 M 4 R B A A A
HIVE RS, B RABACEATIR v =R R IE A (it
20%~40% ¥ H [ P24, Ay 4T A 4 1k 408 7 A7 35 14 B
& SUFER, A& B~ AR GSH A BT
YEFR A M 1) A AR R T, (R 3E AML 4 M 1) AR A7
TN 28 2 Tk Jc g 40 1) 71) CB-839 Ak /> 4 & W i 55
GSH 5 Al #) AML Z40H A=K 0 pedh, xF
FLT3-ITD AML 4/, B&{EH TKI AC220 54 %
P 2z it 0 1) 771 CB-839 A i 2D L Ttk e W A 5 K P
A AR R, RN N ROS =4, (4
7 FLT3-ITD & % 1) 5 & 1 AML R A< 240 it 28 7% T2
B>, HE— AR B T AR AR A e T T RE b T
Gregory S5t — 20 W 5L 7 FLT3 #1717 AML 41 iy
BRBRACH IR, 45 RN, AC220 A] R
SN iz, CB-839 AT U) WT 45 & B i 17 1 R 1
FEAL, X PIRP T DA R HLE T80 T B Z B AR
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PR BB 58 AC220 X IfL7 20 B ) 8405 R
IR IR TR ORI SR A AML /)RR A
(A7 = B S B A R A FLT3 $if 55 A 4
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3 FERERRSITEAMLINZ5hR{ER
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W ERAR M SR = AR 2 U X th R A AR R AR 5

FAEFRW—FE, N AML #2488 7 & H QR
Salunkhe %5 AN #7022 7~, 1 2511 AML 48 i 5 fiig
AR R EE L, RITRENEREMN, OX-
PHOS 7KVt 3458, 1M A S00E B2 AR 7K P A 0 BRI
FIH OXPHOS F g i B8 A 1 1) 245 4 e % 38 s i 2
AML 4t fia 55 4 J7 25 P ok ik, E— 0 Uil 7 g
U R SEAAE S — Bl & FAR & 42, ATi@ i 3 5% OX-
PHOS J4EFFTH 245 AML 40 i 7735 2,

Z Wk 53R 7R T e Wi AR AML 4H i 48 it
RUFAME I HLH . Stevens 28 NHIF 7T 1 NI 7 B A 1
X AML It 25 (1 LR gz ©, A g Se e e s o
$r KA B HL L EF (venetoclax/azacitidine, ven/aza) ¥
I7 W U P AML 408 AR 3EAT T RS E R R
PR CARER /0T, 45 R BoR, ik LSCs g i
PR AL (1) SR B AT = 24 i 25 1 n .+ 2 WA R W
H:181F LSCs X% ven/aza KT K IE T HE/EH.
S SRR T IR BT AR R AR 2, AR
FEAR 2 R 3 PR R ) 093 T #E AML 30855 T Rl 48 it 1
M E A 1 (myeloid cell leukemia-1, Mcl-1) fI1EH
X T 25 LSCs, Mel-1 (M AN B 1 AR iR
W, B> TR R AR I BA N A
Mcl-1 #1155 A1 ven/aza AL FE T 245 1) LSCs, LA S K
RGN H I 2 LSCs A B Fe s sh /N R A, i
FEN MBS T BEA FI 20 535 (a7 iR 1,

BhAh, WEFREW], ven/aza N2 (1R K 2 — 2 fiE
7 R AR AL PRT TS %, 8- G & — Rl ) RNA
BRI ERT A, BERRIL S I 8- SR AT LA
ATP &/, M0 #] OXPHOS. 8- &R H S54i 4
o bR LT 58 4 4] AML 40 &R i RE, iE—
SGAE I T X P Rl 254 /6 OXPHOS #1177 1 B A P
FIfEH s EEERE, 8- FIRTFEIEH T AML 41
M & B TR AR, XA 0 T 4 AR e b R A
P AT I 5 1, T LI R B N PR TR
R AML &2 (1) g 07 R A A AR, RO R B b Y B
T LSCs ™. 4R, 8- GUARFE LA E F X ML AR X
A, el N R SR AE R TR H] pS3 K
ETE AL E R A . 8- ERE X pS3 1IX
it FH ST 38 T R 07 R 44 1 OXPHOS, 7R 47T
AML fEF FRILH FBR T 5 (H SN 45 5o 5,
Al LAYE— e FE R LR 8- AR ERIEA, X
PIAR 25 L [FISE H] rRNA & . i B R 1L Al OX-
PHOS, [#fik LSCs MIfAIER, —HIKH S —MIEAH
FEMRIT iR Y
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R ¥k i F (cytarabine) i 24 () AML 48 g+ Jig
107 R S AL AN 28 B A& OXPHOS ZK-F34m, 401 g
B AT OXPHOS £ fif it 24 41 i 1k 52 skt 5%,
AML 4 j %k B 4 e 5 1 U 5 i S AL I 2% &4
WAL AR R4 ROS K-FE VAR, JIERIA TR E 3
(Sirtuin 3, SIRT3) /& —F i £ BEAL B, AT 25 4
Tk Ak Sk 0TS 26 R R Y 1 Bt 48 Ak i DLV BR ROS
SIRT3 i AT DA 7 LA R 35 14, 25 37 4 R 2R b
AR B X FPIhAEAETS SIRT3 BN AML 4 il fk 2
i 24 1 ) S 1 4% K, SIRT3 e £ ME 7 3-TYP
A LE— ERERE L M AML 40 o ) B A 1 i 24
PE, S RRE M BME T A B, 3-TYP 55 Rl g
FRBCA i R B AP ia )7 2R B Ma &0 7T
WoR, RS HEANZ FREE YY) (small ubiquitin-like
modifier, SUMO) £ [ 1 f& 4% {i SIRT3 % SUMO
b, X e 1 I S0 SIRT3 [ PR AR 1G58 25 2 kb
YER BY. BEA A, SIRT3 2 SUMO {bn] LLiE
i Split 2 145 1 (hairy and enhancer of Split 1,
HES1) 3 56 JIg JIij BRS04k . B 702 7~, HESI Sk
2 PR TR A B R R IA AT 388 5 AR M i 4
B, FEIANE AR, R RE RIS HEST 83 16 i g
7 B 48 A 310411 771) etomoxir #FAE B5 VK . AML 4 i %
7 RN, EAERNE, WTHAYAR S S
5 SIRT3 2: SUMO 1k, i iX A& i s 3ok >k S 2> it
—BI T AML 40407 29 e B, R
THIX—HHLEE, TR SUMO i, &2
I RIS HEST SRANHI AR B e ik, #viR 7T
AML 24t Tt e B . A, BAmsE, X
1l B AT AR 2 £ AML 40 i £ ki 4k OXPHOS. 4
I R ZS AR 7 T AR A

— R i g 7 R AR R4k B 0 TR s BT
AML F%, T HAEBE & B B O B A Ho,
Avocatin B & — P 24 (1) i 107 R A/ 2313 i 55D,
[Fi) B} 3 B i ARG a4 5 2R 4 i 1T A0 GSHL 19 7KF, M
Mi#es ROS M4, 155 AML 40a4ET:, XFPoE
TRERENFH), BALKAEAMpEEAE CH
oA 2R RV T 5 IR TR ASAE B, LSCs fir
TEHt, MEEEAREEREZENHm. 45
R SRR 1 1 107 40 B L RE FRET, Avocatin B 15T H
1975 1E FH 22 21 $0 . LSCs 41 e i55 5 AR i 40 A2 1) A
il 53-fift, Avocatin B 341 1 5 AR 40 L RS IR 11 AML
ST R 25 M 7 R R, O TR, A AR
T SR, 24 Avocatin B 5 [ it T 106 &1 F B

Avocatin B S 2o~ 7 F R E T (B DB

4 RigigLEIERBTEEEAMLPRMER

T 20 43R, BORER 2 AR B A K IR A 3R
RFThRe. 2RI I4RZEN, 25
Pt R HZEETRRRED, gi5sh5
DNA #7514 B CpHES 2 (hexokinase 2,
HK2) F2& 1A Rl T il 28— 2 S B () B g, 3 g
PR RSNG|, fE2Mmdni b mRis & 78
AML 1, HK2 A8 L 52 i AML 28 0 1) 0% % fig
RS2 A A7, R IE I JEASHER AR X AML 48 i
FEA RS . 2R KRR HK2 RIE R E] AML AlE
I I AH AR MR A A A%, AR HK2 1 R
B HE N LSCs )1, FEAMEI 40 4k, X PR
FH i85 5 1 757 G €0 5 T8O A% B 1 AH ELAE AR 5k
BLED, AT 52 W 41 B DNA & & A7 5 10 o] K 1 s
HK2 75 #% o 1 31 B 3% 08 68 % el /b XUk B ¢, Ay
LSCs #21ft— & Mith gtk B 81 i th A7 1
T OWEEEE 3, XA E AML 20 R
LR RS L, CHEEEE 3 AR T8
I G 0 5T 25 70 R A AR AR, TR 8 AML 48 %2
FPPEAETS, [RS4SR DNA #5405 i 45 th 2 A
RS e

CLEERE T 2 (aldehyde dehydrogenase 2, ALDH2)
FENL TRk, @I OB AN LR R FEAEIE
F. ALDH2 Wit 4% 2 515 2 P i i XU 14 AH
5 10 ORI (R LR W, ALDH 3 M E g o
Je— P I RIARED 2 RE SRR,
AML i ALDH2 R] 391 AML 28 J x4k 7 (1
J&E . ALDH2 2 576 J8 A #L [l (Fanconi anemia,
FA) [1] AML # JE %42, [FIBS ALDH2 it 5 AML
B 25 3K 294 9% . ALDH2 2 [KTER Y AML 40
PR AR B, X R A R 2 3 B DNA $i4%,
%05 5 Z 4 FA SR A, A& ALDH2 It
BRI AML 40 fa%F FA 85 7= AR A v, 72 & (A
IR F T, BE I DNA $ f anik 2 — 4
BIME, "IEKR AML ZfseTs Y,

5 SLRIMFNOXPHOSZEAMLAHI{ER
OXPHOS J& —FhEH Z MR E, @Ky
(W BEA TR TR ) A5 ADP SRR (AR IR 77
e ATP, N4lfE$e it =. 5 IE W I&E M gi fgAH b,
AML 411 % OXPHOS 7=/ ATP FH it 58 v
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Fig. 1. Therapeutic targets in mitochondrial metabolism of acute myeloid leukemia (AML) cells. In glutamine metabolism, glutamine

transporter proteins SLC1A5 and SLC38A1, glutaminase (GLS), and glutathione can be used as targets to act on AML cells through
their effects on glutamine metabolism, TCA cycle, ROS, and electron transport chain (ETC) complex II; STAT3-MYC axis, which
affects glutamine transporters and the activity of the ETC complex, can also serve as a potential therapeutic targets; Fatty acid oxidation
(FAO) products are involved in the TCA cycle, and glutamine affects FAO via mTORC]1, and inhibition of FAO either from upstream

or by itself can produce anti-AML effects. SCL1AS, solute carrier family 1 member 5; SLC38A1, solute carrier family 38 member 1;

STATS3, signal transducer and activator of transcription 3; ROS, reactive oxygen species; a-KG, a-ketoglutarate; TCA cycle, tricarboxylic

acid cycle; MYC, myelocytomatosis oncogene.

Fl M Warburg 28 52 H 5, 8 40 R 0 AR 5 H 4
FEIF B2 FGE IR TT,  1E 5 40 A 55 9 20 e ) AR
2 5] RO PRI 98 A o5 %0, skl 22 F I Hh 2 1
Eb 2 IE ¥ i 1M T 40 B, LSCs % K #t OXPHOS,
) OXPHOS W] LY RREE 4> LSCs s

AN TR E B f) AML 48 i 2 A AN [R] AR RS
Erdem % AW 50 T A FIESS AML 40 i (AR PIRZS
I T TR PR Rl S BB 1 (pyruvate dehydrogenase
kinase 1, PDK1) % 4 g AQ IR A 52 i 82K, PDK1
FEIR W = AML 20 A 58 4% ORE B2 %, 17 PDKL
FIE AR K AML 41 s OXPHOS 7KV 5 /& 5 IEAh,
PDK1 & ik B AK () 248 i #% & 48 FLT3-ITD 45 &,
FLT3-ITD W 3¢ B AML 4ii g o i T AL i 5 2 &9

I~V % ik B 7, $20% PDKI K 2 3% 7] B8 £ 19 hn
FLT3-ITD V%Y AML %} OXPHOS Il V&4 J7 ) 0%
PE, AN PDKI1 E FNLENE 7 B — D R &
BT 5t o, FLT3-ITD 548 AML 2 o o £
RLR OB BRI Rk i, 3806 AR 5 0
TN, DR O Xt T A 0 1) 712 B S e U A O,
FLT3-ITD %45 (¢ AML 583518 % 5% & & B Je 1677,
X AHTHEE ) FLT3 S0 50 0r DL N VA BERER 5 SR00,
EHEBE AT G, AML 24 OXPHOS,
B T2 A2 1 R LR OXPHOS 7K F 1 T i A5 S8 v DL
B AML 40 A7 3%, IS8R Am 2T . X
T 78588 7 FLT3-ITD 245 ] AML 41 Jitd 76§ i
fif A1 OXPHOS 2 [B] 7] DA Jk A2 B v V) 3, AT A
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B T4 A 7 . X — 1L FR U Je 22 P AR U 1)
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Table 2. Targets of OXPHOS inhibitor combination therapy

Drug combination

Targeted metabolism
ETCI, OXPHOS, glycolysis

Ascorbic acid + butylguanidine

Metformin + cytarabine OXPHOS

CUDC-907+ venetoclax TCA, OXPHOS
Azacytidine + venetoclax ETCII, TCA, OXPHOS
IACS-010759+ venetoclax OXPHOS

SIRT3 inhibitor + cytarabine OXPHOS
8-chloroadenosine + venetoclax OXPHOS, FAO

SYK inhibitor + cytarabine OXPHOS

EVT-70+ cytarabine ETCI, OXPHOS
SIRT3, sirtuin 3; OXPHOS, oxidative phosphorylation; ETCI,
electron transport chain complex I; ETCII, electron transport

chain complex II; TCA, tricarboxylic acid cycle; FAO, fatty acid

oxidation; SYK, spleen tyrosine kinase.

B, W LUEN BH3 TG RRE T, A%
F UK BH3 TN AML VA7 febR . X%
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Table 3. Clinical trials of combination therapy with the venetoclax

Drug combination

Clinical stage Range of application

Venetoclax + decitabine I
Venetoclax + azacitidine il
Alternating use of venetoclax + 5-AZA 1I
with CLAD/LDAC

Venetoclax +idasanutlin Ib
Venetoclax + LDAC + CLAD followed by 1I
CLAD + LDAC + Venetoclax + 5-AZA
Venetoclax + Getitinib Ib

Newly diagnosed with chemotherapy-ineligible, relapsed, refractory AML
Newly treated patients with IDH1/2 mutation
Elderly patients (= 60 years old)

Relapsed/refractory patients not suitable for cytotoxic chemotherapy
Newly diagnosed elderly patients

Patients with FLT3 mutation

AML, acute myeloid leukemia; IDH, isocitrate dehydrogenase; 5-AZA, 5-azacitidine; CLAD/LDAC, cladribine/low-dose cytarabine;

FLT3, FMS-like tyrosine kinase 3.
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Fig. 2. Mitochondria-related therapeutic targets and target drugs in acute myeloid leukemia (AML). The mitochondrial apoptosis

family Bcl-2, oxidative phosphorylation (OXPHOS), fatty acid oxidation (FAO), glutamine metabolism, and mitochondrial autophagy

(mitophagy) have all emerged as potential targets for AML therapy. Orange boxes show inhibitors or drugs that have been found to
be effective in the clinical study. Bel-2, B-cell lymphoma-2; Bax, Bcel-2 associated X; BAK, Bcl-2 antagonist/killer; Bel-x1, B-cell

lymphoma-extra large; SIRT3, sirtuin 3; I-V, electron transport chain [-V;

FIS1, mitochondrial fission protein 1; p62, sequestosome 1;

OPTN, optineurin; GSH, glutathione; ROS, reactive oxygen species; HESI, hairy and enhancer of Split 1. The blue suppression arrows

indicate direct suppression, and the dashed blue inhibition arrows indicate indirect inhibition by affecting intermediate metabolites.
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