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In tro ducti on new tumor. They have the ability to self-renew and differentiate, allowing them
to initiate tumor growth in a new location. Integrative single-cell analysis has
become a powerful tool for dissecting complex biological systems, including
Cancer Stem Cells (CSCs), also known as tumor-initiating cells or cancer-  the study of disease mechanisms, developmental biology, and understanding
initiating cells, are a small subset of cells within a tumor that have the capacity  cellular responses to various stimuli. It allows researchers to gain a holistic
to self-renew and differentiate into various cell types found in the tumor. These view of cellular heterogeneity and regulatory networks within tissues,
cells are believed to play a crucial role in the initiation, growth, and resistance which can have important implications for both basic research and clinical
of cancer. This may involve quality control, normalization, and batch correction applications. The recent maturation of single-cell RNA sequencing (sCRNA-
to harmonize datasets from different experiments or samples. Integrative seq) technologies has indeed opened up new avenues for understanding the
analysis also facilitates the pooling of data sets generated from different  complexity of biological systems at unprecedented resolution. This review
individuals and technologies. This pooling can enhance statistical power and  highlights the significance of integrating different types of data at the single-
enable researchers to draw more generalizable conclusions. The passage cell level to gain a comprehensive understanding of cell biology [4,5].
emphasizes the integration of gene expression data with other types of single-
cell measurements. Gene expression data is often considered a central piece .
of information because it reflects the genes that are active in a cell and can CO"C'USIO"
provide insights into its functional state. Integrating this data with other types
of measurements enhances the context for interpreting gene expression Recent advancements in scRNA-seq technologies have allowed
patterns. Integrative single-cell analysis is an advanced approach used in the researchers to study individual cells in detail. This method enables the
field of genomics and bioinformatics to study the molecular characteristics of ~ measurement of gene expression at the single-cell level, providing insights into
individual cells and gain a comprehensive understanding of complex biological ~ the heterogeneity of cell populations. Besides gene expression, researchers
systems. It involves the integration of data from various single-cell analysis ~ ¢an now profile various other aspects of individual cells, including epigenetic
techniques and modalities, such as single-cell RNA sequencing (SCRNA- modifications, spatial information, proteomic profiles, and lineage information.
seq), single-cell ATAC-seq (SCATAC-seq), single-cell proteomics, and more. ~ Each of these data types can reveal different aspects of a cell's biology.
The goal of integrative single-cell analysis is to uncover insights into cellular ~ Integrating and analysing multiple types of data from individual cells is not

heterogeneity, identify cell types, and understand the underlying regulatory @ straightforward task. It involves dealing with large and complex datasets,
mechanisms in tissues or biological samples [1]. data pre-processing, quality control, and the development of computational

methods to extract meaningful information from the data. Integrative analysis

D . o= allows researchers to discover relationships and correlations between different

escri ptl on cellular modalities. For example, it can reveal how changes in gene expression
relate to epigenetic modifications or spatial organization within a cell.

Tumors are composed of a diverse population of cells with distinct
characteristics. Cancer stem cells represent a small fraction of this population.
They are considered the "seeds" of the tumor and are responsible for its ACk“0W|edgeme"t
heterogeneity. One of the defining features of CSCs is their ability to self-
renew. This means they can produce identical daughter CSCs, maintaining None.
their population within the tumor. Researchers can perform differential gene
expression analysis to identify genes that are significantly unregulated or Conﬂict Of |nterest
down regulated in specific cell populations or conditions. Integrative single-cell
analysis can reveal regulatory relationships between genes and transcription
factors, helping to understand the molecular mechanisms controlling cell
behaviour. CSCs can also give rise to non-stem cancer cells, known as
progenitor cells, which can further differentiate into various cell types within References
the tumor [2,3].
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