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Targeting RNA modifying enzymes and 
R-loops in homologous recombination 
proficient breast and ovarian cancer

PARP inhibitors (PARPi)  are DNA repair 

targeted drugs that have improved 

outcomes for tumors which are resistant to 

hormone therapy and exhibit homologous 

recombination (HR) deficiency (HRD). 

However, PARPi are effective only in ~10% 

of breast or ovarian cancer patients, and 

patients treated with PARPi inevitably develop 

drug resistance. Therefore, it is critical to 

identify HRD-independent vulnerabilities 

of cancer cells and find new therapeutic 

targets to complement PARPi therapy. My 

group has provided fundamental insights 

into HR in breast cancer and is one of the 

first to discover an RNA-loop and mRNA-

dependent DNA Repair (RDDR) pathway, 

which is upregulated in cancer and maintains 

cancer cell survival. We set up platforms 

to validate RDDR activity, keep identifying 

novel factors of RDDR, develop and validate 

RDDR inhibitors for cancer therapy. We are 

also developing RDDR biomarkers to identify 

tumors harboring increased RDDR activity 

and predict drug sensitivity. We currently focus 

on understanding the function and targeting 

mRNA modifying enzymes of RDDR.  RDDR 

inhibitors should be effective in treating a 

significant fraction of breast cancer patients, 

including those who do or do not have HRD 

and significant fraction of PARPi and hormone 

therapy-resistant breast cancer patients.

Targeting R-loop-dependent telomere 
protections upon damage in cancer

Oxidative DNA damage at telomeres is a 

source of genomic instability, which fuels 

both aging and tumorigenesis. To bypass 

senescence, cancer cells have to extend 

and maintain telomeres during cell division. 

While the majority of human cancers activate 

telomerase, a small but significant fraction 

(~10-15%) of cancers use the alternative 

lengthening of telomere (ALT) pathway to 

extend telomeres. We discovered a novel 

DNA repair pathway contributing to telomere 

Elevated oxidative stress and DNA replication stress are common in cancers. 

On one hand, these intrinsic stresses in cancer cells promote tumor initiation 

and progression. On the other hand, these stresses render cancer cells sensitive 

to radiation and chemotherapies. The Lan laboratory is especially interested 

in understanding how cancer cells respond to oxidative and replication stresses 

through DNA repair pathways and developing new strategies to target these 

pathways in cancer therapy. The Lan lab developed the first molecular assay to 

study the oxidative damage response at specific chromosomal loci. Recently, 

we discovered and delineated a novel DNA repair pathway—mRNA-mediated 

repair—that protects the transcribed regions of the genome. We also study 

mechanisms of telomere protection, a cancer survival mechanism, in cancer 

therapy and investigate cross-talk between DNA damage response and immune 

response. We aim to open new avenues to understanding the oxidative DNA 

damage response in different chromosomal environments.
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The Lan laboratory developed the DNA Damage at RNA Transcribed sites (DART) method to 
precisely introduce oxidative DNA damage at specific transcribed loci in a dose-dependent 
manner. This is achieved by site-specific positioning of the photo-excitable and ROS-releasing 
protein KillerRed (KR). This unique method provides a tool to understand how oxidative DNA 
damage response is differentially regulated in transcribed and un-transcribed regions, and in 
dividing and non-dividing cells.

maintenance. This pathway involves TERRA, 

a non-coding RNA generated at telomeres 

and R-loops. Our goal is to understand and 

develop new strategies to exploit the cellular 

dependency on telomerase, ALT, and R-loop-

mediated repair pathways to kill cancer cells 

harboring high telomeric oxidative damage. 

Crosstalk between DDR and immune 
response upon damage in cancer

DNA sensor cGAS triggers STING-dependent 

innate immune response and subsequently 

alters the tumor microenvironment to 

enhance anti-tumor immunity. The Lan 

laboratory focuses on 1) understanding how 

DDR inhibition and/or damage trigger cGAS-

STING activation; and 2) how the function of 

cGAS in the nucleus regulates replication, 

transcription, and chromatin accessibilities 

in cancer cells. Our goal is to elucidate the 

function of cGAS and efficiently target it with 

the combination with DDR-based therapy in 

cancer.




