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Introduction

Our recent publication entitled “YY1 downregulation underlies
therapeutic response to molecular targeted agents” represents a sig-
nificant advancement in our understanding of the molecular mech-
anisms governing drug resistance in oncogene-addicted cancers [1].
This groundbreaking study unveils the transcription factor Yin Yang
1 (YY) as a critical determinant in the evolutionary trajectory from
drug-sensitive to drug-resistant cancer cells, offering new perspec-
tives on precision oncology and therapeutic resistance mechanisms.

The Central Role of YY1 in Cancer Biology

YY1, a member of the GLI-Kriippel zinc finger transcription fac-
tor family, has emerged as a multifaceted regulator in cancer biology
[2,3]. The protein exhibits remarkable versatility, functioning as both
a transcriptional activator and repressor depending on the cellular
context [4]. This dual nature has positioned YY1 as a critical player in
numerous hallmarks of cancer, including uncontrolled cell prolifera-
tion, evasion of apoptosis, metabolic reprogramming, and therapeutic
resistance [2,5].

Recent evidence suggests that YY1 overexpression correlates with
poor prognosis across multiple cancer types, making it an attractive
therapeutic target [5,6]. However, the complexity of YY 1’s regulatory
functions has presented significant challenges in developing effective
targeting strategies [2].

Novel Insights from the Study
Mechanistic framework of drug tolerance

Our work provides compelling evidence that YY1 serves as a
convergent regulatory node during targeted therapy with kinase
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inhibitors. The study demonstrates that pharmacological pertur-
bation of the RTK/MAPK pathway leads to YY1 downregulation,
which subsequently resumes upon therapeutic escape. This finding
establishes a direct mechanistic link between pathway inhibition and
transcriptional reprogramming through YY1. We employed a com-
prehensive approach combining ATAC-seq and RNA-seq analyses
to map chromatin accessibility dynamics throughout the drug-sensi-
tive, drug-tolerant, and drug-resistant continuum. This methodology
revealed that YY1 occupancy undergoes dramatic fluctuations that
mirror the therapeutic response trajectory.

Cell cycle and autophagy regulation

One of the most significant contributions of this study is the elu-
cidation of YY1’s role in governing cell cycle progression and au-
tophagic programs. The research demonstrates that YY1 depletion
leads to G2/M phase arrest while simultaneously disrupting autopha-
gosome-lysosome fusion. This dual mechanism provides a molecular
explanation for how YY1 downregulation enhances therapeutic effi-
cacy while preventing the emergence of drug resistance.

The autophagy findings are particularly relevant given the grow-
ing recognition of autophagy as a key mechanism of chemoresistance
in cancer [7,8]. Cancer cells frequently upregulate autophagy as a sur-
vival mechanism during therapeutic stress, enabling them to maintain
energy production and cellular viability [7,9]. The demonstration that
YY1 controls autophagic flux offers new opportunities for combina-
tion therapies targeting both oncogenic signaling and stress response
pathways [10].

Broader Implications for Targeted Therapy Resis-
tance

Universal resistance mechanisms

The study extends beyond EGFR-mutant lung cancer to demon-
strate YY1’s role across diverse oncogene-addicted cancer models.
This universality suggests that YY1-mediated resistance represents
a fundamental mechanism that transcends specific driver mutations.
Such findings align with emerging concepts of convergent resistance
pathways that operate across different cancer types and therapeutic
modalities [11,12]. The identification of common resistance mecha-
nisms is crucial for developing more effective therapeutic strategies
[13,14]. Current approaches to overcome resistance often focus on
specific mutations or pathway alterations, but the YY1 pathway rep-
resents a more fundamental level of regulation that could be broadly
applicable [15].

Epigenetic regulation and therapeutic resistance

The study’s emphasis on chromatin accessibility dynamics high-
lights the critical role of epigenetic regulation in therapeutic resis-
tance. Mounting evidence indicates that epigenetic changes, particu-
larly histone modifications and chromatin remodeling, play essential
roles in drug resistance mechanisms. The ability of cancer cells to
rapidly reprogram their epigenetic landscape provides a mechanism
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for adaptive resistance that can occur independently of genetic mu-
tations [16].

Recent advances in chromatin-targeted drug discovery have
opened new opportunities for therapeutic intervention [17]. The iden-
tification of YY1 as a key regulator of chromatin accessibility during
targeted therapy provides a specific target within this broader epigen-
etic framework [16,17].

Clinical Implications and Future Directions
Biomarker development

The clinical validation provided by this study, demonstrating
YY1 fluctuations in patient samples, establishes the foundation for
biomarker development [1]. The ability to monitor YY1 expression
levels could provide valuable insights into therapeutic response and
resistance development [1]. This application aligns with the broader
movement toward precision oncology, where molecular biomarkers
guide treatment decisions [18,19]. The development of YY1-based
biomarkers could enable more personalized treatment approaches,
allowing clinicians to anticipate resistance and adjust therapeutic
strategies accordingly [18]. Such applications represent a crucial step
toward more effective precision oncology implementations [19].

Combination therapy strategies

The study’s findings suggest several promising combination ther-
apy approaches. Targeting YY1 alongside conventional kinase inhibi-
tors could potentially prevent the emergence of drug-tolerant persister
cells [1]. Additionally, the dual role of YY1 in cell cycle control and
autophagy regulation suggests opportunities for combining YY1 inhi-
bition with cell cycle checkpoint inhibitors or autophagy modulators
[9,20]. Recent studies have highlighted the potential of combining
YY1 inhibition with immunotherapy approaches [6,21]. Given YY1’s
role in immune evasion and PD-L1 regulation, such combinations
could enhance both targeted therapy efficacy and immune recognition
[6,22].

Challenges and Future Research Directions
Therapeutic targeting of YY1

Despite the promising therapeutic potential, targeting YY1 pres-
ents significant challenges [2,7]. As a transcription factor, YY1 lacks
traditional druggable binding sites, requiring innovative approaches
such as protein-protein interaction inhibitors or indirect targeting
strategies [7]. Current efforts focus on small molecule inhibitors, RNA
interference, and gene editing techniques, though clinical translation
remains limited [7]. The development of specific YY1 inhibitors must
also consider the protein’s essential roles in normal cellular functions
[3,4]. Achieving therapeutic selectivity while minimizing toxicity to
normal tissues represents a major challenge in Y'Y 1-targeted therapy
development [2].

Understanding context-dependent functions

The dual nature of YY1 as both tumor promoter and suppressor
in different contexts requires careful consideration in therapeutic de-
velopment [4]. Recent studies have shown that YY1 can function as
a tumor suppressor in certain cancer types, highlighting the need for
context-specific therapeutic approaches [4,6]. Future research should
focus on identifying the molecular determinants that govern YY1’s
context-dependent functions [4]. Understanding these mechanisms
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will be crucial for developing effective and safe Y'Y 1-targeted ther-
apies [2,7].

Conclusion

The work represents a paradigm shift in our understanding of tar-
geted therapy resistance mechanisms. By identifying YY1 as a mas-
ter regulator of the drug-sensitive to drug-resistant transition, this
study provides new opportunities for therapeutic intervention and
biomarker development. The convergent role of YY1 across diverse
oncogene-addicted cancers suggests broad therapeutic applicability.
Moving forward, the challenge lies in translating these mechanistic
insights into effective clinical interventions [7]. The development of
YYl1-targeted therapies, in combination with existing approaches,
holds promise for overcoming one of the most significant obstacles
in precision oncology [2,20]. As we continue to unravel the complex
regulatory networks governing therapeutic resistance, studies like this
provide essential foundations for the next generation of cancer treat-
ments [14,16].
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