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Fig.1 DSB repair pathways
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2.2 Polo55DSBEE LUSMIEEERE

Pol0 b T fE DSBIEE i 2 h EHAEH, ©Z
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o R P ELA 500 Pol® /NG54 il 550 BELIBT HR
Bz A REAE (1),

5.1 ARTS558, ART812F1ARTS899

Zatreanu %5 Y K B — PG RLE . SEEEMERS /N
/3T Pol@-Pol I | 7] ARTS58, il i3 i #K Pol-Pol
DNA & &Y 0Fe e PEREAR T A6 T, e i
SIPIRYIENR . RS KB, TE BRCA2THIZE iR
S b R M DLDY B4 it Ao 77 41 s CAPANTL
FIAL 9 65 €5 2% | 7 41 i RPE 1 45 5 1~10 pmol/L
ARTSS8 G Y7 Ji . 7T i S b Jad 4 B SL ' >, 7E
BRCA2"DLD1 #iiffg, ;=4 T DNA S AHE 1A
Yitn&EW, 3 yH2AX W4t . B2 1k H2AX
Yo (RS H AR RGN, X ] AR T 8RBt
I, FEiZdaiirh, R 45 5 ART558 1 PARPI
BRI e AL BEXT ARG . TR IR A TR
Wit K F DLD1.BRCA2 B A= FU AL ' #£ BRCA™"
RPEZififi 7, 0.5 pmol/L ART558 J%2 0.1 umol/L ¥$i7
A JE R Ab S , AN RAANG B & AT . ARTSSS
AMLBESE BRCA I A0 A i, 1 REI8 S
p33 45 & & 1 1§t 1K (p53-binding protein 1,
53BP1) kBT A PARPI i 250 54, 53BP17- i
BRCAT 1 BB WRYE I IR SP 15 57 25 4% B X PARPi
BRI B R AT 25, {HJRXT ARTS58 Ab FRARUER,
i 984 7 1~100 pmol/L ART558 4b FH [ 77 1% fib 35 Ui
. Rodriguez-Berriguete 45 '*°' 7£ 2% iz &5 41 g
HCT116., K4 il 20 Jfd H460 1% bt J 41 i T24
R B, 1 pmol/L ARTS58 BV il 54 /i1 3 b fifr9sg 41 ity
) S SR E o B T ARTSSS B sE M A 22
Zatreanu %5 ¥ HF — 25 AL 117 4 HE B Pol-Pol 411 i
#|, ARTS812, %K IXF BRCAI/SHLD2"~ (SHLD2 N
£ DNA &5 il StV E 0 —Fh BRI ) FLAR
I 40 s MDA-MB-436 fafJ8 K BB A 25 15 100 mg/kg
ARTS812 i RV A7 B & 1 i geg 10 ol /6 . Bl I
Rodriguez-Berriguete 55 ' A il H 75 — F Pol0 -
Pol 411 il 71 ART899, 1 mmol/L 1 3 mmol/L

//[\ [54]

ART899 Zb 38 HCT116 F11 HA60 2 ifd, 7 B fob 44 ot i
e A LR B Y
5.2 #FH4EZEZ (novobiocin, NVB)

NVB J& — Bl & 30 (1 5 5 M 1) Polo-Hel 4171
F7, B Pole YA SE 145G FHIE Polo 554 3|
DNA 5455 5807 i 3 Al-EJ 552 . NVB 1] LA
AR MRS R HR S E 09 R SE T 7. Zhou AF 17
KB, FECE AR 40 U208 B, 4 B
50 umol/L, 100 umol/L NVB i}, MMEJ %4 F [
2750%, T HRIGPEEA B0, NVB [ L1
PARPi PpA] A58 HR S5 gE, #F BRCA™ RPE 4l
fgr, 100 umol/L NVB 5 10 nmol/L PARPi & 1fif]
Je R B FE ] 2 s R 8T . HR IR R
5+ Fh % #H  (patient-derived tumor xenografts,
PDXs) iy A58 (DF83 Fil DF59) 1, NVB 5
PARPi BHLMAA [R] AR, fd PARPI MR 24 14 06l 555
i 58 4/ AT THIR 7 BRI, NVBFIPARPi RS
{6 ) EE 50 (5 PARPI RE BT A 20 R 8 HR = (1)
g, ELEBEA96)7 nI 1B PARPI AT 251 . Polo %
TR K-S NVB U 1 0 AR AR 54, NVB
i 7] 355 5 DSB 2K Ui U B Fl RADS 1 5 k135 77
Patterson-Fortin 2% ¢ %3, Btz C-NHEJ X4EEH
DNA-PK #l il 71 5 ZE B A e FE RS (1~5 pmol/L)
255100 pmol/L NVB, fifi TP53 SlfaibJe 4nits, 4n
AV /1N 240 6 i 98 240 i A 549 F1 HA60 248 Jitd 75 1 328 1y 184
#, H NVB A LA S TPS3 2878 fifed 20 it b 1 2655
AR T 250 . BRI, 8  DNA-PK 10 1 557 1 Polo
IR 4L A 0T 8 A TPS3 28 48 SR R A —Fh 5 B
NETT A -

5.3 RP-6685

RP-6685 J&:—F i R &L X} Pol-Pol fY I Il ki
F, BEXT Polo FIW H A AF A BE R, XA JLFR
DNA R & (Polsa, &, y. M Alp) ¥EAEE
P£ 57 Bubenik % 7 & B, 7E N 45 1 i 40
BRCA2™ HCT116 By/NER S Fiog B i Al v, 25
5580 mg/kg RP-6685 7697 8 d, i 4 Jifa RN W b
T, I Ho PR yH2 AX 3 0 i) DNA 5347145
B, HBRAIE, R4 XS RP-6685 23 = A fiif
25 WVFZIP RS AT 25 S &7 R
WFRYT R, MG TAER F7 i — R R FIE 5% .
I, S Pol6-Pol I M o #0 iil 37) vT BE Bl A iff— 25 IF
R
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Table 1 Small molecule inhibitors targeting Pol® and tumor lethality
R1  PolO/INoyFMHIF 5 BRI Tt
IR BEFIPOlOA] 43 FR 2 5t BHED LY/ il 22 3k
ART558 Ci TR &Ly, BRCA27 DLDL. CA- / 1~10 pmol/L ARTS58 i 87 773 I I P AEK [54]
PAN1. RPE4HJifI
BRCA2”-DLDI14H]f PARPIEFUIHJE  XPAUMIAAE . SR BB T psgmpg  [54]
K FDLD1.BRCA2EF T4 iy
BRCA™~RPE4HNIE PARPIBLHINFE 0.5 pmol/L ART558+0.1 w mol/LIEHz /B4t [54]
S, HPRAEE L PR
BRCAI™ 53BP17-fip g {4 1~100 umol/L. ARTS584bFEI IR f7iG AR [54]
SRR FRISHRE Wb
HCT116. H460f1T24 ) 1 umol/L ARTSSSRI w3 Ff fifg 4t s FH 8 [55]
4l JE R N
ARTS812 Cli KA L5/, BRCAI/SHLD2 ™ [¥] , 100 mg/kg ART812 4 it /87 AE K 52 3 B & [54]
MDA-MB-436l il |
ART899 Cuti A L5 HCT116M1H46041 i ) 7£1 mmol/LAI3 mmol/L ART899AFHRT, 41  [55]
PR TR SRR P 1 e
WEEE (NVB)  ATPREEZ: s, U20S41 / 50 pmol/L 100 pmol/L NVB, MMEJif{% [7]
TEEZ950%, TTHRIEME N B 5
BRCA™" RPE1#H i PARPIfR1H/E  NVB 100 pumol/LJH% 48 i 7E 10 nmol/L [7]
PARPil B $2HTFET:
HR™ PDX i 5 %4 PARPi BURiMFF]  PARPIfi 25 e 56 A/ 4 mi v B [7]

(DF83MIDF59)
TP537 (¥ dRs 4n i
(A549, H460)
RP-6685 CIt B ORI BRCA2-HCT11640 11
/N R AR A

DNA-PK NI FIETFE 5T 58 5 A7 < B 385 0 [/ 1 45 5100 pmol/L [56]
B (M3814)

NVB, 5:#A549F1H4604H g 2 P 18 5t
/ 80 mg/kg RP-6685A778 d, MR4ipuuiiHE  [57]
il

6 iMFIPlOBE TREMNEERL@ES
L ES

AEFREMLT, T Polo 5 DNA & & M AHE.
ERT, SP0i HRGE B, 267 5 B0008 HR 8 i 1Y)
AP PR ) R S ORI T o R s A,
FH Polo A7 M HEIG N HR, AT K 44 e AR 3 [A]
R R e 0 (R 2) . J—JrTH, TEIEH 4iH
W, T TE R HRAE R ML B AF7E, 30 Polo —
JEAN 2 7= A P A RSB ALY o Zelensky 45 Y fifi
I CRISPR/Cas9 #% A 7 /I Bl I fi + 4i g
(embryonic stem cell, ES) H[F]B} ik POLQ & A
H1 C-NHEJ 484> 1 Ku80 I, & B HR J R #L [ 2%
SRAE Rad54 JE R 8 F Pim 1 JE DR 2 SIS T 23%
348, VEMTRER POLQ JEPK FIEK H DNA-PK #1il
FINU-7441 B, SMEIERTE Rad54 5 H R 951
18 5 A1 I T (37 T 1) A1 5 5 PRI [ 3% 5 005 0 i) 4
9%, 11%, [F B % B BE #L % 4 (random

integration, RI) FYRFEAE 3B 8 L 90l Pold /-
(1K) AL-EJ i 3%, 1 00 C-NHEJ 38 6 4] #1535 IR i
ABCRSE M N o dE— 25058 2 B, [l i
Pol 1 C-NHEJ J4d 85 11 Ku70/Ku80/LIG4, I RI
SR B0 Saito 55 O Lk B, FE BIRELAH
JH9 I35 440 A P RS A bR POLO RN LIG4 FE R, ik
DR ) SRR T 29 99.4% ., [RIRE, 7 A e A
CRISPR/Cas9 1& & mif i POLQ 3K, LI HR B &
ORI T 28%~97% . Arai %5 " FE/NELES
FI H shRNA &Ik POLQO 3 1K 3 Bk & DNA-PK 1l il
FIM3814, HREWEA LR AR 1515, HAb,
NVB 5 M3814 15 FH A] P08 $1& w5 B o7 2 A il A 3K
R TR R W, fE LIG4HEK293 4 Jid
o, JH RP-6685 iiflk POLQO FEIN , HIU [i) #& 45 35 R 4
2R R A, i R N
FIBELIKT Pole 415 (1Y Alt-EJ 3 #% 4 Bh T2 25 HR 38 %
e, ISR I R A [ A RCR
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Table 2 Inhibition of Pol® improves target integration efficiency
R2  HIEIPolOIZ B HRILZE
Poloi]  BRA 55/ R 25 B e A R I ENmERGE &%
Tk el SCHR
Pold KO Ku80™" /NERESHH AL RADS4HEFFE: 23% CRISPR/Cas9  [58]
PimI R EE: 3%
NU-7441 RAD54EEH . AT 93 TH9%; FMET18: ##FH11%
Pol® KO LIG4™ Bk LA i P i 55 4 i TR L I R 3R 1999.4% CRISPR/Cas9  [60]
Pol® KO / Kk $217128%~97% CRISPR/Cas9  [59]
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(NVB)
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KO: Fil% (knockout); KD: #iffk (knockdown).
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Abstract DNA polymerase theta (Polf), also known as DNA polymerase 6, is the member of the DNA
polymerase A family and plays a crucial role in the repair of DNA double-strand breaks (DSB). Pol6 has 3 distinct
structural domains: the N-terminal helicase-like domain with a conserved sequence, the C-terminal polymerase
domain, and the central domain, which is a disordered sequence connecting these two regions. Notably, Polf is
the only known polymerase in eukaryotes that possesses helicase activity. However, it is also an error-prone
polymerase. When DNA DSBs occur, a specialized network consisting of at least 4 pathways, including classical-
non homologous end joining (C-NHEJ), homologous recombination (HR), single-strand annealing (SSA), and
alternative-end joining (Alt-EJ), is responsible for repairing DNA damage caused by DSBs. In the absence of
major DNA repair pathways like HR, cells rely on Alt-EJ pathway mediated by Polf to repair damaged DNA and
maintain genomic stability. Nevertheless, due to the low fidelity of Polf, Alt-EJ repair often leads to errors.
Depletion of Pol® has shown to increases DSB formation and compromise genomic stability. Conversely,
overexpression of Pol® has been associated with increases DNA damage markers and impairs cell cycle
progression. As a result, the impact of Pol® on genome stability remains controversial. Furthermore,
overexpression of Pol0 is frequently observed in cancer and is associated with a characteristic mutational
signature and poor prognosis. Depleting Pol® in an HR-deficient background has been shown to impair cell
viability, suggesting a synthetic lethal (SL) relationship between Pol0 and HR factors. In recent years, targeted
chemotherapy drugs that inhibit tumor growth have gained significant attention. However, off-target effects and
drug resistance pose challenges for clinical application, particularly with poly-ADP-ribose polymerase inhibitor
(PARPi). Blocking Polf activity in HR-deficient tumor cells has been found to reverse PARPi resistance, making
Polf a very promising therapeutic target in cancer treatment. The availability of crystal structures for both helicase
and polymerase domain has facilitated the design of potent inhibitors of Pol6. Currently, several highly specific
and effective small molecule inhibitors targeting Polf, such as Novobiocin, RP-6685, and ART558, have been
reported to effectively block various cancers with HR deficiency. The initial success of these inhibitors points to
new directions for treating BRCA 1/2-mutated tumors. Additionally, reducing the Alt-EJ repair pathway mediated
by Polf can improve HR repair efficiency and increase the chance of exogenous gene target integration (TI),
suggesting potential new applications for Pol0 inhibitors. This article reviews the recent research progress on the
molecular function of Pol6 and its involvement in the Alt-EJ pathway modification mechanism, providing insights

for a deeper understanding of this field.
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