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[ Abstract |

induce malignant tumors by a complex DNA signaling process, thus, inhibiting DNA signaling in many aspects may effective-

Synthetic lethality is becoming more and more important in the precise treatment of oncology. Gene mutations

ly control the occurrence and development of tumors. In this paper, we discuss the characteristics of common solid tumor-re-

lated paired gene targets and corresponding drugs based on the theory of synthetic lethality.
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Figure 1. Normal Cells in the Synthetic Lethality Theory

Intact repair cell function saved and the cells survived after sin-
gle mutation of gene A (as indicated by the blue ellipse) or
gene B (as indicated by the pink ellipse) ; cell repair failed and

the cells died when genes A and B simultaneously mutated.
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Figure 2. Tumor Cells in the Synthetic Lethality Theory

In tumor cells, gene A mutation (as indicated by the blue el-
lipse) combined with medication inhibited gene B, leading to
cell death; gene B mutation (as indicated by the pink ellipse)
combined with medication inhibited gene A, leading to cell
death; and concurrent inhibition of gene A and B by medication,

leading to cell death.
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Table 1. Characteristics of Lung Cancer-Related Synthetic Lethal Genes or Proteins and Corresponding Targeted Drugs
Gene Target Drug Characteristic of drugs
EGFR-KRAS EGFR EGFR-TKIs EGFR-tyrosine kinase inhibitor
CLN-081 A potent Ex20ins mutation inhibitor with higher selectivity than WT-EGFR
Volinota HDAC inhibitor
AG490 JAK2/EGFR/JAK3 inhibitor; EGFR kinase inhibitor
KRAS AMG 510 Eﬁ:ﬁiﬂa ;}g inactive GDP-binding state to specifically and irreversibly
EGFR-TKI EGFR-tyrosine kinase inhibitor
Irreversibly binds to cysteine 12 in the inducible S-1IP of KRAS GI12C, and
MRTX 849 locks it in the inactive GDP-binding state, thereby inhibiting the RAS/MAP
kinase pathway
Pimasitinib MEK1/2 kinase inhibitor
Darafini BRAF kinase inhibitor
Deltarasin Hydrochloride Inhibitor of KRAS-PDEJ interaction; effective and selective
G12C inhibitor KRAS (G12C) inhibitor
CDK4/6-RAS CDK4/6 Palbociclib CDK4/6 inhibitor; highly selective
Abemasibi CDK4/6 inhibitor
Alvocidib Pan-cdk inhibitor; kinase inhibitor
AMG 925 FLT3/CDK4 inhibitor; effective and selective
Olocaine Cyclin-dependent kinase inhibitor
RAS Trametinib Inhibitor of MEK 1/2, downstream of Ras
Salirasib Active Ras protein inhibitor; also causes autophagy
Kobe 2602 Ras inhibitor
Dalafenib Inhibitor of mutant BRAF kinase, downstream of Ras
Sirolimus Kinase inhibitor, downstream of Ras; a mammalian target of mTOR inhibitor
BRGI-MYC BRG1 Venetox Bel-2 inhibitor, downstream of BRGI ; potent and selective
PFI 3 Plk1/SMARCA4 inhibitor
MYC Trametinib MEK 1/2 inhibitor, downstream of MYC; MEK inhibitor
10058-F4 C-Myc-Max dimerization inhibitor
Dinaciclib CDK family inhibitor
BRGI-TP53 TP53 Venetox Bel-2 inhibitor, downstream of BRG1; potent and selective
Idasanalin Potent MDM2 inhibitor; inhibits MDM2-p53 interaction
BRG1 Idasanalin Potent MDM2 inhibitor; inhibits MDM2-p33 interaction
DDR-TMPRSS4 DDR Imatinib Kinase inhibitor; SRC/BCR-ABL tyrosine kinase inhibitor
Merestinib ponatinib Upstream inhibition of Met (c-Met) tyrosine kinase
TMPRSS4 PMSF Serine protease inhibitor; irreversible

HDAC: Histone deacetylase; S-IIP: Switch IT pocket; MEK: Mitogen-activated protein/extracellular signal-regulated kinase kinase; mTOR; Rapamycin.
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Figure 3. Signal Pattern of Synthetic Lethal Paired Genes
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A. Tumor cells died after EGFR- and KRAS-targeted proteins were inhibited; B. Inhibiting both CDK4 and RAS proteins on the cell
cycle led to the death of tumor cells; C. Inhibited BRG1 protein affected MYC expression in the nucleus, causing the death of tumor

cells; D. DDR1 inhibition was associated with cell cycle inhibition of TMPRSS4 expression.
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Table 2. Characteristics of Breast Cancer-Related Synthetic Lethal Genes or Proteins and Corresponding Targeted Drugs

Gene Target Drug Characteristic of drugs
BRCA-PARP PARP Rukaparib PARP inhibitor
Olaparib PARP inhibitor

Nicotinamide

CSF-1R inhibitor
macrophages

Romidepsin

HDAC inhibitor

Target material; BRCA expression adhesive

Driven lipid metabolism reprogramming enhances the tumor — promoting characteristics of

PARP: Poly ( ADP-ribose) polymerase; HDAC: Histone deacetylase.
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Figure 4. Signal Pattern of Synthetic Lethal Paired Genes of BRCA-PARP
BRCA inhibits PARP ubiquitination when repairing damaged genes, resulting in failure of tumor cell repair and cell death.
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Table 3. Characteristics of Colon Cancer-Related Synthetic Lethal Genes or Proteins and Corresponding Targeted Drugs

Kinase inhibitor, downstream of PLKI ; selectively inhibits SYK
Highly selective serine/threonine PLK1 inhibitor

Bel-2 inhibitor, downstream of TP53; potent and selective

Gene Target Drug Characteristic of drugs
PLKI-TP53  PLKI Fostatinib
Onvansertib
TP53 Venetox
Idasanalin

NSC146109 hydrochloride
AZD1775
PLKI1-RAS PLK1 Fostatinib
Onvansertib
RAS Serumitinib
Dalafenib
Sirolimus
Salirasib
Kobe 2602 Ras inhibitor

Kobe 2602 Ras inhibitor

Kinase inhibitor

Potent MDM2 inhibitor; inhibits MDM2-p53 interaction
Cell-permeable, genotype-selective antitumor agent; activates p53-dependent transcription

pS3 activator; ROS scavenger

Highly selective serine/threonine PLK1 inhibitor

MEK 1/2 inhibitor, downstream of Ras

BRAF kinase inhibitor, downstream of Ras; kinase inhibitor; mutant BRAF kinase
Kinase inhibitor, downstream of Ras; a mammalian target of mTOR inhibitor

Active Ras protein inhibitor; also causes autophagy

PLK1 : Polo-like kinase 1; mTOR; Rapamycin.
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Figure 5. Signal Pattern of Synthetic Lethal Paired Genes of PLK1-TP53
A. Cycle of RAS-mutant cells inhibited by PLK1 inhibitors; B. PLK1 inhibitors inhibit growth in tumor cells with abnormal TP53.
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Table 4. Characteristics of Prostate Cancer-Related Synthetic Lethal Genes or Proteins and Corresponding Targeted

Drugs
Gene Target Drug Characteristic of drugs
BCL2-PTEN PTEN Cetuximab EGFR inhibitor; therapeutic antibodies
Erlotinib EGFR-tyrosine kinase inhibitor
Tromus Mammalian targets of mTOR inhibitor
Wonderthani VEGFR, EGFR and RET kinase inhibitors
7STK474 Highly effective PI3K inhibitor; pan PI3K inhibitor
BCIL2 Venetox Bcel-2 inhibitor; potent and selective
AT101 Gossypol enantiomer; BCL-2 inhibitor
Bax inhibitor peptide P5  Bax inhibitor
Paclitaxel Tubulin and Bel2 inhibitors; folic acid-targeted tubulin inhibitor
PTEN-CHDI1 PTEN SFK1670 PTEN inhibitor; effective and specific
Everolimus mTOR inhibitor, downstream of PTEN; a mammalian target of mTOR inhibitor
Wonderthani VEGFR, EGFR and RET kinase inhibitors
CHD1 Research ongoing Not in clinical trials

EGFR: Epidermal growth factor receptor; mTOR; Rapamycin.

2.4.1 BCI2-PTEN BCL2 H:[H 4t i) 5 18 1k 152
TR (4% S 375 M e R A P T O G 1
FL3E T 2 4 40 0 TV 5 A Nw77 5 545 5
W BT & IR, 78 A 3k 22 45 14 i 91 Bt 9 v
BCL2 S M E AN (5 5146 G4 56, IF TBIESL
JEWUG A5 7, T BCL2 14, PTEN #5 %k |
PI3K/ AKT R Ak 132 A% 1 2 1 S0 It A T 220 5 e
FARKIERTSI IR A 5% . PTEN 2 —Fp Z I ey
g 40 R, 7 i ) M R R 0 MR T P
HES g i AN L TR AR R AR BE A Rk, by
5 70% (1 Fi 5 iR 98 H 2 150 A B i PTENTYY
PTEN & PI3K/AKT/mTOR & & — 334>, = 5

DNA T4 5[] 5 T 41, 7T 8745 240 6 J) 4 375 7 240 f
1775 , I H. mTOR #4650 % PTEN e [ 14 175 5] st 6
HBAEARR TR o Gueeini 257 BT & B, 75/ B
R IR v PTEN e 2k a0 i 5t 25 441 ) PTEN
T 1T MR B R . 53 4h, PTEN Bz 4k
TR A BB R SR TV T, T AR AL
R S T RE 858 (181 6A) .

2.4.2 CHDI1-PTEN CHDI1 {9k 2k 215 Ig e o
B WUR B R sk s . CHD 8 (L R IR IAEAE T Y (o
JRESHIBRAN SNF2 AF S AR TiE s/ ATPase Z5Fhk >
] AE A 8 M e €0 5 445 #) A 4g 8 JE TR 32 3, AT Ao
DNA &2 il 7 A= 1 45 . Augello 255 % 3R, 76 iy



IR 0B SR )T 2021 4F 10 A 4

34 %% 10 #) J Cancer Control Treat,October 2021, Vol. 34, No. 10 . 981 -

SNSRI A, SRk CHDL 23 ok 520 A3 2 32
Y9201 RE R i i i 210 R O 19 S 2B K RE O HL Bk R
CHDIL (R 871) Ji% i 58 AR F- XeF BT LU AR5 T 36 7 8 JE A
J& PR CHDT B2k AT R 2 S 850K S PR AT 41
PR 2L N K o A AT A B, CHDL i 2k 2 {66 i

B B9 2 ) DNA 53005 3 S SO s aT g
A ::::‘:’.'3::’:::[DC]:3:32[":::::::::]:::JE::::CIZDZ'I:ZZZZZ:::E:Z::3::]:\'}" E B
Grb ——— 505 )
)
= 75
= m/”/w
d 1 MEK1/2 \)\
\ -« ¥ D>
\ NFxB ERK1/2
+__ ' b
= —_—
@

Y ,*{u.@, m@mm

E 6 BCL2-PTEN #1 CHD1-PTEN By & B BLEHEERE

Ju,CHD1 Z 545 IA IR B 415, 1 CHD1 Gtk
S P BOCHE R R IR L8 B, (A5 A AR
S SR AN T R, B MAE T BRI, TR

RIS CHDL 55 PTEN siff oy — X453 LIS
PAREDR R AE TR T HER T (1 6B)

'\

ey e, - 2\\\
Py F2/ATPpa l
FUTUTVIUTE VUV ‘“ o ’} PRI

SEXE

Figure 6. Signal Pattern of Synthetic Lethal Paired Genes of BCL2-PTEN and CHD1-PTEN
A. Cell death caused by regulating mitochondrial membrane permeability with BCL2, or by affecting intranuclear BCI.2-upregulated
proteins by inhibiting PTEN; B. CHDI1 inhibitors with PTEN deletion could be synthetically lethal.
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