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: form the functional architecture of tissues and organs. Likewise, multiplex ISH
Introductlon can be used to map the expression of multiple genes within the tissue, offering
insights into gene regulation, cell signalling pathways, and the molecular

Tissue architecture, the intricate three-dimensional organization of basis of disease.

cells within tissues and organs, plays a crucial role in maintaining normal

biological function and is central to the development of diseases. Histology Another ground-breaking technology in molecular histology is spatial
has traditionally been a vital tool for studying tissue structure, but its  transcriptomics, a method that combines RNA sequencing with tissue
conventional methods, though highly informative, are often limited in their ~ sectioning. Spatial transcriptomics allows for the precise mapping of gene
ability to capture the molecular complexity of tissues. Recent advancementsin ~ expression patterns within intact tissue samples, providing a spatially resolved
molecular histology are transforming how scientists map tissue architecture, view of the transcriptase. This technique involves the capture of RNAmolecules
enabling them to study not only the structure of tissues but also the molecular from specific locations within tissue sections, followed by sequencing and
and cellular composition that underlies these structures. This integration of computational analysis to generate a detailed map of gene expression. By
molecular and histological techniques has opened up new frontiers in biology, overlaying transcriptomic data with histological images, researchers can
offering deeper insights into normal physiology, disease mechanisms, and  examine how gene expression varies across different regions of the tissue

therapeutic strategies. and how it correlates with tissue architecture. Spatial transcriptomics has
been used to study various biological processes, such as neural development,
Description tumor heterogeneity, and immune responses, by providing a high-resolution

map of gene expression that is spatially linked to tissue structure [4].

Molecular histology blends classical histology with high-throughput In addition to transcriptomics, mass spectrometry-based imaging
molecular techniques, such as genomics, transcriptomics, proteomics, and  techniques, such as Matrix-Assisted Laser Desorption/lonization (MALDI) and
imaging technologies. These approaches allow researchers to link the spatial | aser Capture Microdissection (LCM), have enabled the detection of proteins
organization of cells within tissues to their molecular states. Traditionally,  and metabolites directly from tissue sections. MALDI imaging, for example,
histological techniques involved the use of staining methods to visualize  aljows for the visualization of protein distribution within tissue sections by
cell types, tissue architecture, and histopathology. These staining methods, ging 4 laser to ionize the proteins, which are then detected and mapped
while effective in revealing gtructural .detalls, provided limited information based on their mass-to-charge ratio. This technique is invaluable for studying
about the molecular composition of tissues. However, as technology has o spatial gistribution of proteins, lipids, and metabolites within tissues,
advanced, molecular histology now allows for the analysis of tissue samples at providing insights into metabolic changes, signalling pathways, and disease
amolecular level, enabling researchers to examine the distribution of proteins, processes. When combined with traditi’onal histological me'thods these

RNA, metabolites, and other biomolecules within the tissue architecture [1,2]. Co . L .
imaging techniques offer a powerful means of mapping tissue architecture at
One of the key innovations in molecular histology is the use of both the cellular and molecular levels [5].
molecular markers and probes that target specific biomolecules of interest.
Immunohistochemistry (IHC) and In Situ Hybridization (ISH) are two widely

used techniques for localizing specific proteins or RNA molecules within ) ) X
tissues. IHC involves the use of antibodies to detect and visualize specific ~ Seduencing (scRNA-seq) and spatial proteomics. ScRNA-seq allows for the

proteins within tissue sections, while ISH allows for the detection of specific  analysis of gene expression at the level of individual cells, providing a wealth
RNA sequences, providing insights into gene expression patterns at the of |nformf':1t!0n about cellular .dlve.rsny and t.he.moleculgr mqkeup of tissues.
cellular level. These techniques have been pivotal in identifying cell types, ~ BY combining scRNA-seq with tissue sectioning and imaging, researchers
understanding tissue development, and studying diseases, such as cancer, ~ ©an map gene expression patterns at the single-cell level within the context
where aberrant gene expression and protein localization are hallmarks of the of tissue architecture. his has profound implications for understanding the
disease [3]. cellular heterogeneity of tissues, the roles of specific cell types in disease, and

the molecular basis of tissue function. Spatial proteomics, similarly, involves

Recent developments in multiplexing technologies have expanded the  the spatial mapping of proteins across tissue sections, providing insights

capabilities of molecular histology. The advent of multiplexed IHC and ISH into protein localization, protein-protein interactions, and post-translational
allows for the simultaneous detection of multiple biomarkers in a single tissue ~ nodifications.
section. This multiplexing capability significantly enhances the resolution
and depth of molecular histology by enabling researchers to capture complex .
interactions between different molecular components within the tissue. For CO“C'USIO“
instance, multiplex IHC can simultaneously detect multiple proteins expressed
by different cell types within a tissue, revealing how these proteins interact to In conclusion, mapping tissue architecture with molecular histology
represents a powerful and rapidly evolving approach to studying the molecular
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As these technologies continue to advance, molecular histology will play an
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The integration of advanced imaging technologies with molecular histology
has also led to the development of techniques such as Single-Cell RNA
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