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ABSTRACT

For over six decades, the mainstream consensus in evolutionary immunology has maintained the central dogma that adaptive
immunity—defined by clonal expansion, specific immunoglobulins, and dedicated lymphocytes—is an exclusive innovation
of jawed vertebrates. This review synthesizes sixty years of structural, functional, and genomic evidence demonstrating that
the sea star (Echinodermata) possesses a fully operational, primitive adaptive immune system. We detail the anatomical
characterization of sea star B and T lymphocytes within ancestral lymphoid organs, trace the functional mechanics of the
Invertebrate Primitive Antibody (IPA), and present modern genomic data confirming the existence of MHC-like networks. By
systematically addressing the structural homologies between echinoderm and mammalian immune cells, this paper directly
challenges conventional evolutionary dogmas and proposes a unified framework for the origin of adaptive immunity.
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Introduction: Deconstructing the Vertebrate Dogma

The historical narrative championed by mainstream bodies, such
as the American Association of Immunologists (AAI), dictates that
invertebrates rely strictly on non-specific, germline-encoded innate
defense mechanisms. This paradigm asserts that in the absence of
"true" lymphocytes and functional antibodies, clonal expansion is
impossible.

However, sixty years of continuous empirical investigation
into echinoderm biology severely undermines this assumption.
Rather than an abrupt evolutionary leap occurring exclusively
at the vertebrate boundary, experimental evidence points to
a deep, invertebrate origin of specific immunity. This review
contextualizes these findings across three fundamental aspects:
cellular morphology, adaptive functionality mediated by the
Invertebrate Primitive Antibody (IPA), and comparative genomics

[1].

Cellular Architecture: Sea Star B and T Lymphocytes

The Sea Star B Lymphocyte

The sea star B lymphocyte(2) is primarily localized within the

axial organ—an asymmetrical, specialized structure functioning

as an ancestral lymphoid organ—as well as Tiedemann’s bodies
across various starfish species.

e Ultrastructural Characteristics: Transmission Electron
Microscopy (TEM) reveals a cell approximately 4 pm in
diameter featuring a highly developed, prominent rough
endoplasmic reticulum (RER). The overall cytomorphology
mirrors that of mammalian plasma cells actively engaged in
protein synthesis.

*  Surface Receptor Homologies: Phenotypic analysis via flow
cytometry establishes that these cells actively bind human
T-Cell Receptor (TCR) analogues and the CD14 human
receptor.

*  Clonal Proliferation: Following in vivo immunization with
diverse foreign antigens, the sea star B lymphocyte population
undergoes massive expansion within the axial organ, shifting
from a baseline of 10% to upwards of 45% of the total cellular
population.
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The Sea Star T Lymphocyte

Isolated alongside B cells in the axial organ, the sea star T

lymphocyte [2] represents the cellular arm of echinoderm adaptive

defense.

e Biophysical and Mitogenic Properties: These 4 pm
diameter cells exhibit distinct physical properties, including
non-adherence to nylon wool. They undergo selective
agglutination and mitogenic stimulation when exposed
to lectins such as Concanavalin A (ConA) and Pokeweed
Mitogen (PWM), matching the classic activation pathways of
mammalian T cells.

*  Functional Assays: When transplanted into vertebrate hosts,
sea star T lymphocytes successfully induce physiological
hallmarks of cell-mediated immunity, including angiogenesis
and splenomegaly.

* Receptor Affinity: Flow cytometry confirms that sea star
T lymphocytes possess binding affinities for CD7 human
receptors and TCR profiles (though the latter is expressed at a
lower relative degree than seen in B-like counterparts).

The Invertebrate Primitive Antibody (IPA) and Adaptive

Mechanics

The functional execution of sea star adaptive immunity relies

on a sophisticated tripartite cellular cooperation first elucidated

experimentally in 1986. The process mimics the classical vertebrate
immune response:

1. Antigen Processing: Non-specific phagocytes isolate and
process foreign antigens, effectively serving the functional
role of primitive macrophages.

2. Cellular Cooperation: Processed antigens facilitate direct
cooperative interactions between sea star T lymphocytes and
sea star B lymphocytes.

3. Humoral Secretion: This cellular cascade culminates in the
synthesis and secretion of the Invertebrate Primitive Antibody
(IPA), generating highly specific, inducible immune responses
capable of targeted hapten and protein neutralization [4].

Echinoderm Genomics and the Ig-Kappa-like / MHC
Framework [3]

The structural and cellular assertions of sea star adaptive immunity
are directly supported by recent high-throughput genomic and
transcriptomic sequencing. Decisive genomic profiling has
successfully identified the molecular blueprints underpinning
the Invertebrate Primitive Antibody (IPA) and self/non-self
recognition networks:

Structural Integrity of the Sea Star Ig-kappa Gene [5]
Molecular cloning and transcriptomic mapping of the sea star
genome have confirmed the presence of explicit Immunoglobulin
kappa (Ig-kappa) light-chain like sequences.

* Variable (V) and Constant (C) Domain Conservation:
Genomic analysis reveals that the sea star Ig-kappa-like
gene maintains highly conserved regions homologous
to vertebrate V and C domains. The primary sequence
preserves the definitive cysteine residues required to form the
classical intrachain disulfide bonds, stabilizing the structural
immunoglobulin fold.

e Primitive V(D)J Geometry: Unlike the hyper-diversified
somatic recombination found in higher mammals, the
echinoderm Ig-kappa architecture represents a critical
evolutionary intermediate—demonstrating that the genomic
capability to express light-chain analogues predates the
separation of proto-chordates and echinoderms.

The MHC Core Matrix

Complementing the humoral antibody-like network, genomic

sequencing has successfully mapped:

e MHC Class Gene Homologies: Conserved sequences
encoding primitive Major Histocompatibility Complex
(MHC) gene orthologues. These structures provide the
mandatory genetic apparatus required for allorecognition,
tissue graft rejection, and specific antigen presentation to
T-like cells.

Comparative Immunology Synthesis

To illustrate the functional and structural evolutionary bridge
between the Echinodermata adaptive system and modern
mammals, the key immunological traits established over 60 years
of empirical research are synthesized below:

Conclusion: A Direct
Immunologists

The persistence of the term "true lymphocyte" in contemporary
literature functions more as a semantic barrier than a biological
reality. If a cell possesses identical ultrastructural morphology,
undergoes targeted clonal expansion upon immunization, displays
mitogenic responses to specific lectins, carries homologous surface
clusters of differentiation, and secretes specific neutralizing factors,
it is a lymphocyte.

Reply to Evolutionary

Sixty years of IPA research proves that the molecular machinery
of adaptive immunity did not appear spontancously in jawed

Immunological Trait

Sea Star System (Echinodermata)

Mammalian System (Vertebrata)

Ancestral Lymphoid Organ Axial organ / Tiedemann's bodies

Lymph nodes, spleen, thymus

B-Cell Functional Homologue

B sea star lymphocyte (4 pm, high RER density)

B lymphocyte / Plasma cell

T-Cell Functional Homologue

T sea star lymphocyte (4 um, nylon-wool non-adherent)

T lymphocyte

Mitogenic Inducibility

ConA / Pokeweed Mitogen (PWM) response

Lectin-induced blastogenesis

In Vivo Cellular Proliferation

Antigen-induced clonal shift (10% up to 45%)

Clonal expansion in germinal centers

Humoral Mediator

Invertebrate Primitive Antibody (IPA)

Immunoglobulins (IgG, IgM, IgA, etc.)

Genomic Light-Chain Orthologue

Ig-kappa-like gene (Conserved V/C domains)

Ig-kappa light chain gene

Allorecognition Matrix Primitive MHC class genes

Classical MHC Class I and Class II complexes
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vertebrates. Instead, the evolutionary foundation was laid millions
of years prior within the ancestral lymphoid organs of the
Echinodermata.
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