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DESCRIPTION

The immune system of chordates demonstrates remarkable
diversity, reflecting the evolutionary pressures and ecological
niches encountered across species. Blood, as
component of the circulatory system, provides a dynamic

a central

environment for immune cells to circulate, surveil and respond
to pathogens. The cellular composition of blood varies widely
among chordates, with distinct lineages of leukocytes performing
specialized functions that ensure host defense, tissue repair and
maintenance of homeostasis. Understanding the divergence of
immune cell types across chordates provides insight into the
evolutionary trajectory of vertebrate immunity and informs
comparative immunology research.

Chordates encompass a broad phylum that includes tunicates,
cephalochordates and vertebrates. The immune systems of these
organisms range from relatively simple innate-based mechanisms
in lower chordates to complex adaptive systems in jawed
vertebrates. Blood cells in chordates are classified broadly into
erythrocytes, leukocytes and thrombocytes or platelets, with
leukocytes representing the principal mediators of immune
defense. Leukocytes can be further divided into myeloid and
lymphoid lineages, each displaying functional specialization and
variability in  morphology,

abundance and molecular

characteristics.

In basal chordates such as tunicates and cephalochordates, the
immune system is dominated by
Hemocytes in tunicates perform phagocytosis, encapsulation and
cytotoxic activities against pathogens. These cells exhibit
functional similarity to vertebrate myeloid cells, including
macrophages and neutrophils. Hemocytes are heterogeneous,
encompassing subtypes with distinct phagocytic capacities,
granule content and signaling profiles. In addition, some
hemocytes participate in allorecognition, providing a mechanism

innate immune cells.

to differentiate self from non-self during colony fusion events.
The diversity of hemocyte types in tunicates illustrates the early
emergence of functional specialization in chordate blood cells.

Jawed vertebrates display the most complex organization of
blood immune cells, encompassing a wide range of myeloid and
lymphoid lineages. Neutrophils, monocytes, eosinophils,
basophils, natural killer cells, B lymphocytes and T lymphocytes
represent major leukocyte categories with distinct functional
roles. The differentiation of these lineages is guided by
hematopoietic stem cells in the bone marrow, with specific
transcription  factors and  cytokines  directing lineage
commitment. Within each lineage, further divergence occurs to
produce subpopulations with specialized effector functions,
migratory properties and cytokine profiles. For example,
monocytes differentiate into classical, intermediate and non-
classical subsets, each displaying unique roles in inflaimmation,
tissue remodeling and pathogen surveillance.

The divergence of immune cells in vertebrate blood is reflected
not only in their functional specialization but also in their
molecular characteristics. Surface receptors, adhesion molecules
signaling pathways vary among subtypes, enabling
differential recognition of pathogens and communication with
other cells. For instance, neutrophils express pattern recognition
receptors and Fc receptors that allow rapid phagocytosis and
degranulation, while T lymphocytes rely on T cell receptors and
co-stimulatory molecules to recognize antigen in the context of
major histocompatibility complex presentation. The integration
of these molecular features with cell-specific behavior contributes
to the emergent complexity observed in vertebrate immune
systems.

and

Evolutionary  pressures, including pathogen exposure,
environmental stressors and metabolic constraints, have shaped
the diversification of immune cells in chordate blood. The
selective expansion of certain lineages, the emergence of
subpopulations with distinct functional profiles and the
compartmentalization of immune activities reflect adaptive
strategies to balance host defense with tissue preservation. For
example, granulocytes and monocytes provide rapid responses to
acute infection, whereas lymphocytes mediate long-term immune
memory. This division of labor enhances survival in complex
and dynamic environments.
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In conclusion, the divergence of immune cell types in chordate
blood represents a complex evolutionary process shaped by
functional requirements, environmental pressures and genetic
innovation. From basal chordates with predominantly innate
hemocytes to jawed vertebrates with highly specialized myeloid
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and lymphoid lineages, the diversity of blood immune cells
enables effective host defense while maintaining homeostasis.
Molecular, functional and developmental features of these cells
reveal both conserved strategies and lineage-specific adaptations.
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