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Abstract

Acute Myeloid Leukemia (AML) induces profound alterations of the immune microenvironment that facilitate immune escape 
and may contribute to treatment resistance. CTLA-4 is a major inhibitory immune checkpoint regulating T-cell activation through 
interaction with CD80 and CD86. However, its significance in AML appears to extend beyond expression level alone and may depend 
on cellular context, regulatory T-cell activity, ligand availability, and integrated immune phenotypes. This mini review discusses the 
biological and clinical relevance of the CTLA-4/CD80/CD86 axis in AML and highlights emerging evidence supporting a context-de-
pendent role of CTLA-4 in disease immunobiology and outcome.
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Introduction

Acute Myeloid Leukemia (AML) is characterized by extensive 
molecular and cellular heterogeneity. Beyond leukemia-intrinsic 
genetic alterations, increasing evidence indicates that remodeling 
of the bone marrow immune microenvironment contributes to 
immune escape and disease progression. Multiple mechanisms 
have been implicated, including impaired antigen presentation, 
dysfunctional effector T cells, expansion of regulatory T cells 
(Tregs), and altered expression of co-stimulatory and inhibitory 
immune checkpoint molecules [1,2]. Among these pathways, CTLA-
4 is particularly intriguing. Although traditionally regarded as an 
inhibitory T-cell receptor, its biological relevance depends on the 
cellular context in which it is expressed and on interactions with 
its ligands CD80 and CD86. Consequently, assessment of CTLA-4  
expression alone may provide an incomplete representation of this  

 
regulatory pathway in AML.

CTLA-4/CD80/CD86 Axis in AML 

CTLA-4 (CD152) is a key negative regulator of T-cell activation. 
It shares the ligands CD80 (B7-1) and CD86 (B7-2) with the co-
stimulatory receptor CD28 but binds them with greater affinity, 
thereby limiting CD28-mediated T-cell activation [3]. Its biological 
relevance therefore depends on ligand availability and the cellular 
populations involved. In AML, leukemic cells can express CD80/
CD86 and directly interact with T cells. Persistent interactions 
between myeloid leukemia cells and T lymphocytes may promote 
dysfunctional immune states characterized by altered checkpoint 
expression and impaired cytokine production [4]. Thus, the CTLA-
4/CD80/CD86 axis is best viewed as a dynamic interface between 
leukemic blasts and the immune compartment (Figure 1).
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Figure 1: Context-dependent role of the CTLA-4/CD80/CD86 immune checkpoint axis in AML. Interactions between CD80/
CD86-expressing leukemic blasts, CTLA-4-expressing effector T cells, and FOXP3+ regulatory T cells may shape the functional 
immune state of the AML microenvironment. The resulting balance between immune activation and suppression may influence 

T-cell cytotoxicity, cytokine responses, leukemic-cell survival, and ultimately clinical outcome.

Regulatory T Cells and Immune Suppression

Tregs represent an important component of this network. 
FOXP3+ Tregs constitutively express high levels of CTLA-4 and 
can suppress effector T-cell activation through competition with 
CD28 for CD80/CD86 and additional regulatory mechanisms [3]. 
Increased frequencies and enhanced suppressive activity of Tregs 
have been reported in AML, including preferential accumulation 
within the bone marrow [5,6].

AML-associated Tregs may inhibit conventional T-cell 
proliferation and cytokine production, thereby contributing to an 
immunosuppressive environment permissive for leukemic-cell 
survival [5,6]. Thus, the interplay between CTLA-4-expressing 
effector T cells, CTLA-4+FOXP3+ Tregs, and CD80/CD86-expressing 
AML blasts may be more biologically informative than measurement 
of CTLA-4 expression alone.

Clinical Relevance: Beyond CTLA-4 Expression

The prognostic significance of CTLA-4 in AML remains 
controversial. Expression-based studies have associated increased 
CTLA-4 and coordinated expression of multiple immune 
checkpoints with adverse outcome [7]. However, cellular-level 
analyses suggest a more complex relationship.

In our previous integrative analysis, unsupervised hierarchical 
clustering of immune checkpoint expression on blast cells and 
T-cell and NK-cell subsets identified two distinct AML immune 
phenotypes with significantly different overall survival (OS) [8]. 

Among 52 patients with complete data, Cluster 2 showed markedly 
higher CTLA-4 expression across several immune populations, 
particularly cytotoxic CD8+ T cells (95.8% vs 7.5%, p<0.001), yet 
demonstrated significantly superior OS (median not reached vs 
5.4 months, p=0.029). CTLA-4 elevation was the most distinctive 
feature of this favorable immune phenotype [8,9].

These observations challenge the simplistic concept that 
increased CTLA-4 expression necessarily reflects greater 
immune suppression and poorer prognosis. Instead, its clinical 
significance may depend on T-cell subset, activation state, CD80/
CD86 availability, regulatory T-cell activity, and co-expression of 
other immune checkpoints. Integrated immune phenotyping may 
therefore provide greater biological and prognostic information 
than assessment of individual checkpoint molecules [10,11].

Future Perspectives and Conclusion

Future studies should move beyond descriptive CTLA-4 
assessment toward integrated characterization of the entire CTLA-
4/CD80/CD86 axis. Combining receptor–ligand profiling with Treg 
characterization and functional measures of cytokine production, 
CD8+ T-cell cytotoxicity, and leukemic blast apoptosis could clarify 
how distinct checkpoint phenotypes translate into functional 
immune suppression.

Ultimately, the CTLA-4/CD80/CD86 axis represents a complex 
regulatory network connecting AML blasts, effector T cells, and 
Tregs. Defining its cellular and functional context may facilitate the 
identification of immune-based biomarkers for treatment response 
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and prognosis and provide a rationale for more precisely targeted 
immunotherapeutic strategies in AML.
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