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Abstract

The mixture remedy with specific therapy modalities has been extensively utilized in the scientific functions of
most cancers treatment. However, it stills a widespread task to gain co-delivery of extraordinary pills due to the fact
of awesome drug encapsulation mechanisms, low drug loading, and excessive excipient-related toxicity. Cancer
stem cells (CSCs) are intently associated to tumor metastasis and recurrence due to excessive chemoresistance.
Herein, we file a stimuli-responsive and tumor-targeted small-molecule self-assembled nanodrug for the aggregate
remedy towards CSCs and everyday most cancers cells. The hydrophobic differentiation-inducing agent (all-trans
retinoic acid, ATRA) and hydrophilic anticancer drug (irinotecan, IRI) represent this amphiphilic nanodrug, which
ought to self-assemble into steady nanoparticles and encapsulate the photothermal agent IR825. Upon cell uptake,
this nanodrug show top launch profiles in response to acid and esterase microenvironments via ester linkage.
The launched pills now not solely enlarge chemotherapy sensitivity via the differentiation of CSCs into non-CSCs;
however additionally showcase optimal cytotoxicity in cancer cells. In addition, IR825 inside this Nano drug permits
in vivo fluorescence/photoacoustic (PA) imaging permitting for monitoring drug distribution. Moreover, the DSPE-
PEG-RGD-functionalized nanodrug displayed excessive tumor accumulation and proper biocompatibility, enabling

environment friendly inhibition of tumor boom and tumor metastasis in tumor-bearing mice.
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Introduction

Breast cancer remains a formidable challenge in the realm of
oncology, affecting millions of individuals worldwide and posing a
significant threat to public health. While substantial progress has been
made in the development of cancer therapies, there is an urgent need for
more precise and effective approaches to combat this complex disease.
One promising avenue of research that has garnered increasing attention
is the design and implementation of small-molecule self-assembled
Nano drugs. These innovative nanoscale drug delivery systems offer
a multifaceted approach to breast cancer treatment by integrating
photothermal therapy, differentiation therapy, and chemotherapy. This
integration is particularly potent when targeting a specific subset of
cells within breast cancer tumors, namely the breast cancer stem cells
(BCSCs). BCSCs are a rare, highly tumorigenic subpopulation of cells
within breast tumors that are resistant to traditional cancer treatments
and are believed to play a pivotal role in disease recurrence and
metastasis. In this context, the development of a small-molecule self-
assembled Nano drug represents a promising strategy that addresses
several critical challenges in breast cancer therapy. The convergence
of photothermal therapy, differentiation therapy, and chemotherapy
within a single nanoscale drug carrier provides a multifaceted approach
capable of targeting BCSCs with high precision. This approach has
the potential to overcome the limitations of current breast cancer
treatments, improve therapeutic outcomes, and reduce the risk of
disease relapse. In this introductory exploration, we delve into the
intricate world of small-molecule self-assembled nanodrugs and their
application in the photothermal-differentiation-chemotherapy of
breast cancer stem cells, shedding light on the innovative strategies and
advancements that hold promise for a future with more effective and
personalized breast cancer therapy [1-5].

Discussion

The role of breast cancer stem cells (BCSCs)

Breast cancer is a highly heterogeneous disease, and it’s now well-
established that a small subset of cells within tumors, known as breast
cancer stem cells (BCSCs), plays a crucial role in disease progression,
metastasis, and therapy resistance. These BCSCs possess the ability to
self-renew and differentiate into various cell types within the tumor.
Their resistance to conventional cancer treatments has made them a
prime target for innovative therapeutic strategies.

Nanotechnology in cancer treatment

Nanotechnology offers a unique platform for cancer treatment due
to its ability to manipulate materials at the nanoscale. In the context of
breast cancer therapy, nanodrugs have gained prominence as delivery
systems that can enhance the precision, efficiency, and safety of cancer
treatment. These nanodrugs are designed to carry therapeutic agents to
the tumor site while minimizing damage to healthy tissue.

Photothermal therapy

Photothermal therapy relies on the conversion of absorbed light
energy into heat, leading to selective destruction of cancer cells. Its
unique advantage is the ability to precisely target tumor sites while
sparing healthy tissue. When combined with nanodrug delivery,
photothermal therapy becomes even more effective, as nanodrugs
can accumulate at the tumor site and release therapeutic agents upon
exposure to specific wavelengths of light.
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Differentiation therapy

Differentiation therapy is an emerging approach in cancer treatment,
aimed at inducing BCSCs to differentiate into non-cancerous cell types.
By pushing BCSCs towards a non-cancerous phenotype, this therapy
can reduce the pool of cancer stem cells and, in turn, decrease tumor
aggressiveness. Self-assembled nanodrugs can deliver differentiation-
inducing agents to BCSCs, enhancing the effectiveness of this approach.

Chemotherapy and nanodrug delivery

Chemotherapy remains a cornerstone in cancer treatment. However,
the systemic administration of chemotherapy drugs can lead to severe
side effects and limited specificity. The use of self-assembled nanodrugs
allows for targeted drug delivery, ensuring that chemotherapy agents
are primarily delivered to the tumor site, including BCSCs, thereby
minimizing collateral damage to healthy tissues.

The synergistic approach

What makes this topic particularly exciting is the possibility
of combining photothermal therapy, differentiation therapy, and
chemotherapy within a single self-assembled nanodrug. This synergistic
approach has the potential to comprehensively target BCSCs, tackling
their resistance and reducing the risk of disease recurrence and
metastasis. By leveraging the strengths of each therapy, researchers aim
to create a multifaceted treatment strategy that maximizes therapeutic
benefits while minimizing side effects.

Challenges and future directions

Despite the promise of this approach, there are challenges to
overcome. Issues such as optimizing drug release, ensuring the safety
of photothermal therapy, and understanding the long-term effects of
BCSC differentiation are areas of ongoing research. However, as the
field of nanomedicine and cancer therapy continues to evolve, these
challenges are being addressed, and novel solutions are being developed
(6-10].

Conclusion

The development of a small-molecule self-assembled nanodrug for
the photothermal-differentiation-chemotherapy of breast cancer stem
cells represents a promising frontier in the battle against breast cancer.
The multifaceted approach offered by this innovative strategy presents
a beacon of hope for patients and researchers alike. In the fight against
breast cancer, identifying and targeting BCSCs, the architects of disease
recurrence and metastasis, is of paramount importance. Their resistance
to conventional therapies has long posed a formidable challenge. In
conclusion, the integration of small-molecule self-assembled nanodrugs

for the photothermal-differentiation-chemotherapy of breast cancer
stem cells represents a groundbreaking approach with significant
potential to revolutionize breast cancer treatment. By addressing the
unique challenges posed by BCSCs and utilizing the advantages of
nanotechnology, researchers are striving to provide more effective,
targeted, and personalized therapies for breast cancer patients. This
innovative direction of research offers hope for improved outcomes and
better quality of life for those affected by breast cancer.
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