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DESCRIPTION
Solid organ transplantation is a life-saving intervention for end-
stage organ failure, yet long-term graft survival is limited by
immune-mediated rejection. Dendritic cells are central
regulators of adaptive immune activation and tolerance
induction, as they determine how donor-derived antigens are
presented to recipient T lymphocytes. The balance between
immunogenic and tolerogenic antigen presentation by dendritic
cells strongly influences graft acceptance or rejection. This
article examines dendritic cell antigen presentation bias and its
impact on allograft rejection in solid organ transplantation.

The immune system is designed to distinguish self from non-self,
a process that becomes particularly complex during organ
transplantation. In this setting, donor tissues introduce foreign
antigens into the recipient’s body, triggering immune
recognition events that can lead to graft rejection. The outcome
of this immune encounter depends heavily on antigen-
presenting cells, particularly dendritic cells, which serve as
primary initiators of T cell responses. Dendritic cells are
specialized immune cells capable of capturing, processing, and
presenting antigens to naïve T lymphocytes. They are distributed
throughout peripheral tissues and lymphoid organs, where they
continuously sample environmental antigens. Upon
encountering foreign material, dendritic cells migrate to
lymphoid tissues to initiate adaptive immune responses.

Antigen presentation by dendritic cells involves display of
peptide fragments on major histocompatibility complex
molecules. These peptide- Major Histocompatibility Complex
(MHC) complexes are recognized by T cell receptors, leading to
activation and differentiation of T cells. The nature of this
interaction determines whether the immune response becomes
inflammatory or tolerogenic. In transplantation settings,
dendritic cells may present donor-derived antigens through two
primary pathways. Direct presentation involves donor dendritic
cells migrating into recipient lymphoid tissue and stimulating T
cells directly. Indirect presentation occurs when recipient
dendritic cells process donor antigens and present them to T
cells. A third pathway, semi-direct presentation, involves transfer

of intact donor antigen-MHC complexes to recipient dendritic
cells.

The balance between these antigen presentation pathways
influences the intensity and duration of immune responses
against transplanted organs. Direct presentation is typically
associated with early acute rejection, while indirect presentation
contributes to chronic rejection processes. Dendritic cell
maturation status plays a critical role in determining immune
outcomes. Mature dendritic cells express high levels of co-
stimulatory molecules and cytokines that promote T cell
activation. In contrast, immature dendritic cells tend to induce
tolerance or anergy in T cells. The environmental context in
which dendritic cells encounter antigens therefore shapes their
functional behavior.

Inflammatory signals present during organ transplantation
strongly influence dendritic cell activation. Tissue injury,
ischemia-reperfusion damage, and surgical stress release danger-
associated molecular patterns that activate dendritic cells. These
signals promote maturation and enhance immunogenic antigen
presentation. Activated dendritic cells produce cytokines that
guide T cell differentiation. Pro-inflammatory cytokines support
development of effector T cells that mediate graft rejection.
These effector cells include cytotoxic T lymphocytes that directly
attack graft cells and helper T cells that amplify immune
responses.

T cell-mediated rejection involves infiltration of the graft by
activated lymphocytes, leading to tissue destruction. Cytotoxic T
cells recognize donor antigens presented on graft cells and
induce apoptosis through perforin and granzyme pathways. This
cellular attack contributes to acute rejection episodes. Chronic
rejection involves long-term immune-mediated injury
characterized by vascular changes, fibrosis, and gradual loss of
graft function. Indirect antigen presentation by recipient
dendritic cells plays a central role in sustaining low-grade
immune activation that drives chronic injury.

Regulatory dendritic cells represent a subset capable of
promoting immune tolerance. These cells produce anti-
inflammatory cytokines and support development of regulatory
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T cells. Their presence is associated with reduced risk of
rejection and improved graft survival. Regulatory T cells
suppress effector immune responses through cytokine secretion
and cell-to-cell interactions. They inhibit dendritic cell
maturation and reduce T cell activation, contributing to
immune tolerance toward transplanted organs.

Ischemia-reperfusion injury during transplantation is a major
factor influencing dendritic cell behavior. Restoration of blood
flow to transplanted organs generates oxidative stress and
inflammatory signaling that enhances dendritic cell activation.
This process increases antigen presentation and promotes
rejection responses. Metabolic changes within dendritic cells
also influence their function. Glycolytic metabolism is
associated with immunogenic activity, while oxidative
metabolism supports tolerogenic states. Environmental
conditions within transplanted tissues can therefore shift
dendritic cell behavior.

Genetic differences between donor and recipient, particularly in
major histocompatibility complex molecules, strongly determine
immune recognition intensity. Greater disparity increases
likelihood of strong dendritic cell-mediated T cell activation and
graft rejection. Immunosuppressive therapies used in
transplantation aim to modulate dendritic cell activity and T cell

responses. These therapies include calcineurin inhibitors,
antiproliferative agents, and corticosteroids, all of which reduce
immune activation and prolong graft survival.

Novel therapeutic approaches focus on inducing tolerogenic
dendritic cells that promote immune acceptance of transplanted
organs. These strategies involve modulation of cytokine
environments, signaling pathways, and metabolic states to shift
dendritic cell behavior. Single-cell analysis has revealed
heterogeneity among dendritic cell populations within
transplanted tissues. Distinct subsets exhibit varying levels of
antigen presentation capacity, cytokine production, and
migratory behavior. Understanding this diversity may help refine
immunosuppressive strategies.

CONCLUSION
Dendritic cell antigen presentation bias is a central determinant
of immune outcomes in solid organ transplantation. The
balance between immunogenic and tolerogenic dendritic cell
functions influences graft rejection or acceptance. Continued
investigation into dendritic cell biology may support improved
strategies for promoting long-term transplant survival.
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