
Understanding cell and tissue morphogenesis: key mechanisms behind 
development and organ formation

COMMENTARY

Yauheni Daniela
Department of Microbiology and Parasitology, University of Madrid, Madrid, Spain

Introduction

© 2025 The Author(s). Published by Reseapro Journals. This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

*Correspondence:  Mr. Yauheni Daniela, Department of Microbiology and Parasitology, University of Madrid, Madrid, Spain, 28040: daniela.y56@gmail.com

Cell and tissue morphogenesis are essential processes that govern the development of multicellular 
organisms, shaping the structure and function of tissues and organs. These processes are complex 
and highly regulated, as they determine how cells interact with one another and organize into 
functional units. Morphogenesis refers to the dynamic changes in cell shape, size, and position that 
collectively drive the formation of tissues, organs, and overall organismal architecture. At the heart of 
morphogenesis is the ability of cells to alter their shape and position in response to internal and 
external signals. For example, during early embryonic development, cells undergo processes like cell 
division, elongation, and rearrangement, often guided by gradients of signaling molecules. These 
molecular signals direct cells to adopt speci�c roles, such as becoming part of an epithelial layer or a 
muscle �ber. The positioning of cells within the tissue and their interactions with neighboring cells 
are crucial to ensuring that the tissue functions properly once it forms. The molecular mechanisms 
driving morphogenesis are diverse and include several key signaling pathways that regulate cellular 
behavior. Growth factors, such as �broblast growth factors (FGFs) and transforming growth factors 
(TGFs), play central roles by promoting cell division, di�erentiation, and movement. These growth 
factors are often present in gradients, with di�erent concentrations eliciting di�erent cellular 
responses. Other signaling molecules, like the Wnt, Hedgehog, and Notch pathways, also contribute 
to the regulation of cell fate and tissue patterning. Together, these molecular signals guide cells 
through the intricate choreography of morphogenesis, ensuring the proper formation of structures 
like limbs, organs, and blood vessels. 
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Morphogenesis is the process by which cells and tissues take 
shape and organize during the development of an organism. It is 
a critical part of embryogenesis (early development of an 
embryo), tissue regeneration, and wound healing. �e term 
"morphogenesis" is derived from the Greek words morphe 
(form) and genesis (origin), and it encompasses a variety of 
processes that lead to the proper structure and patterning of an 
organism [1].

 Morphogenesis can be broken down into two levels of 
organization that is Cellular Morphogenesis, the changes in 
individual cells that result in alterations in their shape, size, and 
position. �is level of morphogenesis underlies the formation of 
tissues and organs and Tissue Morphogenesis, the collective 
behaviors of groups of cells that coordinate to form functional 
tissues and organs with speci�c structures [2].

Key mechanisms of cell and tissue morphogenesis
Morphogenesis is a highly dynamic and regulated process that 
involves various cellular mechanisms. �ese processes are 
tightly controlled through molecular signaling pathways, the 
interaction of extracellular matrix (ECM) proteins, and 
mechanical forces. �e major mechanisms include:

Cell shape changes

One of the key drivers of morphogenesis is the alteration in the 

shape of individual cells. Changes in cell shape are o�en driven 
by the rearrangement of the cytoskeleton, a network of proteins 
that provides structural support to the cell. Microtubules, actin 
�laments, and intermediate �laments work together to control 
cell shape and movement [3,4].

 For example, in the process of convergent extension (seen 
during early neural development), cells elongate and intercalate 
between one another, leading to the narrowing and elongation 
of the tissue. �is type of cell shape change is essential for the 
development of structures like the neural tube.

Cell adhesion and migration

Cell-cell and cell-extracellular matrix adhesion are critical for 
maintaining tissue integrity and guiding the movement of cells 
within tissues. Adhesion is mediated by specialized molecules 
known as cell adhesion molecules (CAMs), such as cadherins, 
integrins, and selectins, which anchor cells to one another or to 
the extracellular matrix [5].

 Cell migration is crucial for tissue morphogenesis, as it 
enables the movement of cells into new positions within the 
developing embryo. �is migration can occur through various 
mechanisms, including amoeboid movement, mesenchymal 
migration, and epithelial-to-mesenchymal transition (EMT), 
where epithelial cells lose their polarity and adhesion properties 
to become more migratory mesenchymal cells [6].

Mechanical forces

Mechanical forces, such as tension, compression, and shear, play a 
key role in morphogenesis. Cells can generate and respond to 
mechanical forces through a process called mechanotransduction. 
For example, in the developing embryo, the actomyosin 
contractile system (driven by actin and myosin) can generate force 
at the cellular level, in�uencing tissue folding and curvature [7].

 In addition to intrinsic cellular forces, mechanical forces 
from neighboring cells, the extracellular matrix, and the tissue 
as a whole can in�uence the organization of cells during 
morphogenesis. �ese forces are necessary for processes like 
invagination, where a layer of cells folds inward to form 
structures like the neural tube [8].

Cell division and apoptosis
Cell division (mitosis) and programmed cell death (apoptosis) 
are crucial for shaping tissues during development. �e 
orientation of cell division can direct tissue elongation or 
bending, contributing to the overall organization of the tissue. 
For instance, asymmetric cell division leads to the generation of 
di�erent cell fates within the developing tissue [9].

 On the other hand, apoptosis removes unnecessary or 
damaged cells to sculpt and re�ne the developing tissue. �is 
programmed cell death is essential for processes like digit 
formation in vertebrates, where the elimination of cells between 
the developing digits ensures proper spacing [10].

Molecular signals in morphogenesis

Morphogenesis is regulated by a complex array of signaling 
pathways that control cell behavior and coordination [11]. 
Some of the key molecular players involved in morphogenesis 
include:

Wnt signaling pathway

�e Wnt signaling pathway plays a pivotal role in regulating the 
orientation of cell division, cell fate determination, and the 
shaping of tissues during development. Wnt signals are involved 
in processes like axis formation, cell migration, and tissue 
patterning [12].

Notch signaling pathway

�e Notch signaling pathway regulates cell di�erentiation and 
proliferation, in�uencing cell fate decisions during 
development. It is particularly important for controlling 
cell-cell communication and ensuring the proper coordination 
of cells within a tissue [13].

Transforming growth factor beta (TGF-β) pathway

TGF-β signaling regulates a variety of cellular processes, 
including cell proliferation, di�erentiation, and migration. It is 
crucial for tissue remodeling and the regulation of extracellular 
matrix components during morphogenesis [14].

Hedgehog signaling pathway

�e Hedgehog (Hh) signaling pathway is involved in patterning 
tissues during development, particularly in the development of 
the nervous system, limbs, and other organ systems. It controls 
the expression of key developmental genes that direct tissue 
patterning [15].

Fibroblast growth factor (FGF) pathway

FGF signaling in�uences cell growth, di�erentiation, and 
migration, especially in the formation of tissues like the brain 
and limbs. It is involved in the coordination of cellular 
behaviors that drive morphogenesis [16].

Tissue morphogenesis and organ development
Tissue morphogenesis occurs at various stages of development, 
from the formation of the early embryo to the shaping of 
complex organs. In the early stages of development, cells 
undergo processes like gastrulation, where distinct layers 
(ectoderm, mesoderm, and endoderm) are formed. �ese layers 
give rise to di�erent tissue types and organs [17].

 In more specialized organ systems, tissue morphogenesis 
takes place through the interaction of cells and their 
environment. For instance, neurogenesis (the formation of the 
nervous system) involves the morphogenesis of neural 
progenitor cells into complex structures like the brain and 
spinal cord. Similarly, cardio genesis leads to the formation of 
the heart, where cells undergo morphogenetic movements like 
folding, bending, and di�erentiation.

Conclusions 
Cell and tissue morphogenesis are the foundational processes 
that drive the development and organization of multicellular 
organisms. From the molecular signals that regulate cell 
behaviors to the mechanical forces that shape tissues, 
morphogenesis is a highly coordinated process that ensures the 
proper formation of organs and systems. Understanding the 
mechanisms behind morphogenesis is critical for �elds such as 
developmental biology, regenerative medicine, and tissue 
engineering, where the goal is o�en to harness and manipulate 
these processes for therapeutic purposes. As we continue to 
unravel the complex pathways and interactions involved, new 
insights into developmental disorders and potential treatments 
for tissue repair will emerge, o�ering exciting prospects for 
advancing human health.
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morphogenesis is a highly coordinated process that ensures the 
proper formation of organs and systems. Understanding the 
mechanisms behind morphogenesis is critical for �elds such as 
developmental biology, regenerative medicine, and tissue 
engineering, where the goal is o�en to harness and manipulate 
these processes for therapeutic purposes. As we continue to 
unravel the complex pathways and interactions involved, new 
insights into developmental disorders and potential treatments 
for tissue repair will emerge, o�ering exciting prospects for 
advancing human health.
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