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The response rate to cancer therapies in breast cancer patients !
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p53 is critical for treatment-induced cell death of tumors
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TP53 mutational spectrum and chemoresistance in human cancers
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TP53 mutation was not absolutely predictive of
preferential response to chemotherapy

Neoadjuvant docetaxel plus capecitabinettrastuzumab in early-stage BC

Table 4 Chemosensitivity in patients classified with P53 AmpliChip

P53 Wild type Mutant Total

AmpliChip (N = 54) (N = 61) (N = 115)

pCR 3 16 19

npCR 4 6 10

RD 47 39 86

pCR plus 7/54 (13 %) 22/61 (36 %)  29/115 (25 %)
npCR

PCR pathologic complete response, npCR near-pathologic complete

response, RD residual disease
Med Oncol. 2014 Oct;31(10):163.

Lancet Oncol 2011;12:527-539.



Silencing p53 reduced the chemo-sensitivity in mutp53-expressing TNBC

MDA-MB-231 MDA-MB-231 MDA-MB-231
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Q1l:

Wwhy p53 mutants still mediate chemotherapy-induced
cell death?



The Molecular Mechanisms of IncRNAs (Long non-coding RNA)
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The p53-related IncRNA in cancer.
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mutp53 mediates lINcCRNA-p21 expression

d IncRNA PCR array Mutp53
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LincRNA-p21 mediates global p53-dependent gene repression
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LincRNA-p21 mediates global p53-dependent gene suppression
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LincRNA-p21 expression is associated with

Breast Cancer Tissues
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Induction of lincRNA-p21 reduces chemoresistance of breast tumors

T47D: Mutp53-expressing breast cancer cells
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LincRNA-p21 expression is low in ER-positive breast cancer.
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Cancer Cells  statue | status [status status status IC50 IC50 IC50 Induction
MCF-7 - +/+ Low Wild-type High 2.17mM 0.46mM 1.52uM Insensitive Low
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Estrogen receptor is associated with chemoresistance *
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BCSS probability

04

TP53 mutation predicts the poor survival rate in ER-
positive but not -negative breast cancer patients
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Summary #1 Chemotherapy
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Q2.

The downstream regulators of ERa/p53/lincRNA-p21 axis
In mediating chemoresistance ?



DDB2 is a potential target gene regulated by both estrogen receptor
and p53 signaling pathways

ER+/ER- breast tumor tissues
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Damaged DNA-binding protein-2 (DDB2) in DNA repair
1 2 @

Inactive E3 ligase @

UV damage
chemotherapy

Disassembly 3

Enhanced DNA binding
NER activation

Degraded by proteasome
Nature Reviews Molecular Cell Biology 2006 22



Initiation of DNA Damage response-targeting era
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DNA damage response (DDR) pathways being targeted in the clinic.

DNA damage

Lesions

Repair pathway

Damaging sensors

Signalling/mediators proteins

Effector proteins

@\

Anticancer agents

Ionizing radiation
RTx

o

SSBs

|

Base excision repair
(BER)

l DDB2
NAR 2020 48:11227

DNA glicosilases,

<o

RTx

HR

DDB2
Cancer Sci. 2f19; 11: 3543.

APE1, PARP

Berzosertib
M4344

BAY 1895344
AZD6738

|

|

XRCC1, PNKP, POLB,
FEN1, Apaxatin,
LIG1, LIG3A, TOP1

MRN
ATM, ATR, MK2,
CtIP, BRCA1/BARD1,

BRCAZ2, PALBZ, RPA

|

RAD51, RADS52,
MUS81/EMET1,
SLX1/SLX4, RTELT,
BLM, TOPOIII,
POLQ, PARI,
RECQLS5, BACH1

Ionizing radiation

@\

’ ’ UV light

UV light

Anticancer agents

SSA

l

MRN

|

CtIP

!

RADS52,
others

TDOTDODOVDDTLDOLDOT

DSBs
DDB2

W\

NHEJ Alternative
NHEJ

l

!

Talazoparib|
KU70, KU80 PARP'—-E’?;apaa:rLb
l i Ola[:'))arib
Veliparib
DNA-PK ==
l M9831 l
Nedisertib
CC-115
XRCC4, XLF, XRCCT1,
LIG4, APLF, LIG3, LIG1,
Artemesis, CtIP, POLQ
PAXX, WRN

Ww< Replication errors

W\

Platinum agents Platinum agents

DA OO OIS

Bulky lesions crosslinks

Nucleotide mutations
(substitutions, insertions
and deletions)

|

Nucleotide excision
repair (NER)

XPC(DDB2)CSA

XPC, DDBZ2, CSA

|

XPG, ERCC1, POLE,
POLD1, LIG1, LIG3

Mismatc{ repair
(MMR)

MSH2, MSH3,
MSH6, MLH1, PMS2

|

MSHZ2, MSH3,
MSH6, MLH1, PMS2

|

EXO1, POLD, LIG1



- N
o =

Induction of DDB2 by Carboplatin (Fold)
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DDB2 positively correlates with ERa expression
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DDB2 high expression predicts chemotherapy resistance

Marker expression Pathological responders (%) N = 272 Pathological nonresponders (%) N = 132 Pvalue Accuracy (%)
DDB2

Positive 4(14.8) 8(61.5) 0.0065 77.5
Negative 23(84) 5(33)

ERCC1

Positive 5(18.5) 8(61.5) 0.029 75.0
Negative 22(81.5) 5(42)

DDB2 and/or ERCC1-positive 7(25.9) 13(100) <0.0001 82.5

DDB2 and ERCC1-negative 20(72) 0(0)

9Pretreatment biopsy specimens were available for analysis in 40 out of 43 patients with neoadjuvant chemotherapy

Cancer Chemother Pharmacol 71,789-797 (2013).



ERa-associated DDB2 expression contributes to chemoresistance by
increasing DNA repalr
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Cisplatin

Silence of lincRNA-p21 prevents cisplatin-induced DNA damage
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Q3:

The gene regulation of DDB2 by lincRNA-p21?



LincRNA-p21 does not suppress the mRNA level of DDB2
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LincRNA-p21 reduces DDB2 protein stability
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LincRNA-p21 enhances DDB2 protein ubiquitination and degradation by
acting as a scaffold of CUL-4/DDB1/DDB2 complex

f ER-positive
T-47D g \
migG IP: DDB2 1
) — RNA-IP: DDB2 ER-negative
LincRNA-p21 6 0 3 6/0 3 6 {ug) pre-treated MDA-N?B-231 !
HA-Ub + + + + 219) 8 - MG132 pre-treated
MG132 + - - - 10uM/12h) — 14 - S L8
- | 87 o SE&ESS
st L a P RNA-IP . &S
- 3 N e 12 {| mcurs QN TR
100 ST K @DDB1 SR 2 AR
35 ST 10 - "
HA-Ub <E T ER-positive N?-E RNA.(Biot
z%5 @T-47D <E
IP: DDB2 gﬁ * @MDA-MB-231 é"&:’ .
=% 5 ) ER-negative £5
gé o3 i
- Cul-4 g 2 &8
=~ 4 -
- h m
DDB2 2 4. g
- 1gG 2 2
. DDB2 ke
Input |- - p21 0 B
[ - Actin g w- - «» - hnRNP-K

32
He et et al., Manuscript in preparation



LincRNA-p21 enhances DDB2 protein ubiquitination and degradation by
acting as a scaffold of CUL-4/DDB1/DDB2 complex
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Summary #2

LincRNA-p21 acts as an RNA scaffold for DDB2 degradation

ER negative | ER positive

DDB2 degradation
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Q4

Can lincRNA-p21 be developed as an
RNA-based DDBZ2 degrader?



DNA damage
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DNA Repair Drugs market Key Players

1.AstraZeneca PLC

2.Pfizer Inc.

3.Merck & Co., Inc.

4.Novartis AG

5.GlaxoSmithKline plc

6.Bristol Myers Squibb Company
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8.Johnson & Johnson

9.Sanofi S.A.
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First-in-Class Oncology drugs have higher market value

a Oncology b Non-oncology
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DDB?2 Is a druggable target?

5" undamaged strand

g 3 damaged strand

Cell. 135(7):1213-23, 2008

B
"Druggable” Pocket
- "Undruggable” Pocket

Front. Mol. Biosci., 21 December 2021
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Other receptors 4% receptors 4%

Nature Reviews | Drug Discovery

Nature Reviews Drug Discovery volume 1, pages 727—-730 (2002)



https://www.nature.com/nrd

PROTACs (PROteolysis TArgeting Chimeras)
make undruggable targets druggable
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LincRNA-p21 can be developed as a DDB2 degrader like a Protac ?



The essential regions of lincRNA-p21 for interactions with DDB2
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Potential DDB2-binding sites of LincRNA-p21

7838-7849 Nucleic Acids Research, 2015, Vol. 43, No. 16 Published online 29 June 2015
doi: 10.1093Inarlgkv667

DDB2 modulates TGF-B signal transduction in human
ovarian cancer cells by downregulating NEDD4L
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LincRNA-p21 #3, #4, and #9 (Linc-p21s) interact
with DDB2 protein in vitro
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The 3D structural modeling of short lincRNA-p21 elements in complex
with the N-terminal a-helix of DDB2

Linc-p21#3 Linc-p21#4 Linc-p21#9

Cluster 18
Cluster 8 Cluster2., .. 15 Rver Gluster 20

5 Cluster 8

Cluster 9
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3’ damaged strand

Cell. 135(7):1213-23, 2008

g : : . : 43
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Short [incRNA-p21 elements enhance chemosensitivity
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Targeting tumor with engineering exosomes as delivery carrier.
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The delivery efficacy of exosomes to T-47D breast cancer cells

PKH: lipophilic membrane dye for exosome
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Exo-Linc-p21s increase the chemosensitivity of breast and liver cancer cells
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Exo-linc-p21s is a Novel Molecular Glue Targeting DDB2
and Enhancing Chemotherapy Sensitivity
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The cGAS-cGAMP-STING pathway connects DNA
damage to inflammation, senescence, and cancer

Genotoxic Stress

&

cGAS-cGAMP-STING axis

/1N

Anti-tumor Cellular  Auto-inflammatory
Immunity Senescence Disorder

J Exp Med. 2018 May 7; 215(5): 1287—1299.


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5940270/

Therapeutic benefits from targeting DDB2

Topo Il inhibitor (Anthracyclin) sensitization in p53-deficient breast cancer
Mol Ther Nucleic Acids 2021 Aug 8:25:536-553.

Overcome cisplatin resistance in HNSCC Sensitize TNBC and PDAC to PARPi

Cancer Sci. 2019 Nov;110(11):3543-3552.
Cell Death Discov. 2024 Sep 27;10(1):411.

Cell Death Dis. 2022 Apr 15;13(4):350

DDB2
inhibition

Increase sensitivity to ADC?

J Exp Clin Cancer 2024 Aug 21:43(1):236
J Clin Invest. 2023;133(18):e172156

Increase radiosensitivity in NSCLC

and PDAC
Tumour Biol. 2016 Oct;37(10):14183-14191
Cell Death Discov. 2024 Sep 27;10(1):411.

Activate cGAS/STING to improve ICI efficacy?
Proteomes. 2020 Oct 26;8(4):30
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