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I. Introduction 

The CD69 gene is located within the 

natural killer (NK) gene complex on mouse 

chromosome 6 and human chromosome 12 

and codes for a type II transmembrane 

glycoprotein with a C-type lectin domain, is 

known to be a marker of early leukocyte 

activation (1, 2). CD69 is also known to be 

expressed on tissue-resident memory T 

(TRM) cells and to play an important role in 

the residency of these cells within various 

tissues (3, 4). 

  Furthermore, studies have shown that 

the expression of CD69 on activated T cells 

is required for the recruitment and 

maintenance of these T cells in inflamed 

tissues, establishing and exacerbating tissue 

inflammation (2,5). These data suggest that 

within various tissues, CD69 plays a crucial 

role in the retention of the cells on which it 

is expressed. One well-known mechanism 

underlying the cell retention mediated by 

CD69 is Sphingosine-1-phosphate receptor 1 

(S1P1)-dependent (6), in which CD69 

inhibits the surface expression of S1P1 via 

direct interaction and prevents the exit of 

CD69-expressing cells from the thymus and 

lymph nodes (LNs) (7, 8). studies have 

shown that the CD69 ligands, myosin light 

chain 9 and 12 (Myl 9/12), which are 

expressed in inflamed tissues, are used to 

recruit CD69-expressing activated T cells 

into inflamed tissues for their retention (5) 

(figure 1).  

The involvement of CD69 in tumor 

progression has been examined using CD69 

deficient mice and anti-CD69 antibody 

treatment (9, 10). The involvement of NK 

cell-mediated anti-tumor responses (10) and 
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dendritic cell-based anti-tumor effects (9) 

were suggested. However, the cellular and 

molecular mechanisms, including the role of 

CD69+ T cells in anti-tumor immunity and 

the reason why CD69 deficiency results in 

enhanced anti-tumor responses, remain 

unclear. Tumor progression is known to be 

associated with the exhaustion of tumor-

infiltrating T lymphocytes (11).  

 

 

Figure 1. CD69 counteracts S1P1 signaling that favors TH1/TH17 polarization. Picture showing 

intracellular signaling associated to the expression of S1P1 on the membrane. The binding of S1P to S1P1 

receptor increases mTOR/HIF-1α activation as well as increase of JAK2/pSTAT3 pathway. Both 

signaling routes increase TH1/TH17 effector phenotype and prevent Treg-cell differentiation. CD69 

expression in activated lymphocytes prevents S1P1-induced signaling by promoting the internalization 

and degradation of the receptor and by increasing the JAK3/pSTAT5 pathway, which counteracts 

STAT3-induced expression of IL-17 and promotes Treg development. The interaction of CD69 with 

putative ligands, for example Gal-1 (soluble, bound to the plasma membrane of dendritic cells, either 

directly or through an unidentified, glycosylated, co-receptor) could potentially modulate these CD69-

mediated effect (1, 2). 
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II.CD69 is an early activation marker 

CD69 expression is rapidly induced on 

the surface of T lymphocytes after 

TCR/CD3 engagement, activating cytokines 

and  polyclonal, mitogenic stimulation. 

Transcriptional expression of  the CD69 gene 

is detected early after activation (30-60  

min); however, it declines rapidly after 4–6 

h.  CD69 protein expression  can be detected 

as early as 2–3 h after  stimulation. The 

appearance of CD69 on the plasma 

membrane of activated cells is faster  than 

that of CD25, underlying its widespread use 

as a very early  marker of lymphocyte 

activation (12). 

CD69 is expressed on infiltrated 

leukocytes at inflammatory sites in several 

human chronic inflammatory conditions, for 

example  rheumatoid arthritis, systemic lupus 

erythematosus,  systemic sclerosis, allergic 

asthma and atopic dermatitis (13). Early 

studies  with CD69-deficient cells were 

unable to  definitely prove the function of 

CD69 in T lymphocyte proliferation and 

priming (14). However, in vivo strategies 

using  CD69-deficient mice and blocking 

antibodies, showed that CD69 expression 

modulates the severity of different murine 

inflammation models, including arthritis; 

asthma and contact hypersensitivity; 

myocarditis; pathogen clearance; tumor 

immunity; and inflammatory bowel disease 

(15, 16). 

 

 

III. immunoregulatory role of CD69 

The in vivo models initially chosen for 

the study of CD69 function were based on 

its pattern of expression. Studies in CD69-

transgenic mice focused on thymic selection, 

a process in which CD69 expression is 

transiently induced. Despite the in vitro 

evidence suggesting a possible 

proinflammatory role for CD69, constitutive 

expression of CD69 by T cells in transgenic 

mice is not associated with inflammatory 

conditions (17, 18). Furthermore, analysis of 

antigen-specific responses in mice has not 

revealed reduced T-cell activation in the 

absence of CD69, suggesting that this 

receptor does not exert a net positive co-

stimulatory effect in T cells in vivo, 

although a redundant role as a positive co-

stimulus for T cells cannot be ruled out (19).   

Given the somewhat contradictory in 

vitro and in vivo results, it became 

appropriate to study the role of CD69 in an 

in vivo model of chronic inflammation. This 

analysis was based on two lines of evidence. 

First, CD69 is persistently expressed at 

inflammatory foci (20). Second, the CD69 

gene is located at the Murine collagen 

induced arthritis (CIA3) trait loci on rat 

chromosome 4 and mouse chromosome 6, 

syntenic to human 12p12–p13, a region that 

contains susceptibility loci for several 

autoimmune diseases, including collagen 

induced arthritis (CIA). Remarkably, the 

study of CIA in CD69-deficient mice 

unveiled a new regulatory role for CD69 

(21, 22) (Figure 2). 
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Figure 2. CD69 acts as an immunoregulatory molecule through the production of TGF-b. In 

collagen-induced arthritis, T cells are activated by collagen-derived peptides (CII) presented by 

macrophages (Mf), which induce CD69 expression and the release of proinflammatory cytokines. These 

cytokines and co-stimulatory molecules contribute to the persistent expression of CD69 in the 

inflammatory foci. Under such circumstances, the interaction of CD69 with its putative ligand(s) 

(CD69L) would induce the synthesis of the anti-inflammatory cytokine TGF-b, which reduces the 

secretion of proinflammatory cytokines and the activation of immune cells, thereby ameliorating tissue 

damage (23). 

 

CD69-deficient mice develop an 

exacerbated form of CIA with higher T- and 

B-cell responses against collagen. This 

hyper-responsiveness correlates with 

reduced levels of TGF-b in inflamed joints 

(Figure 3). Transforming growth factor beta 

(TGF-b) acts as an anti-inflammatory 

cytokine in CIA, and treatment with 

blocking anti-TGF-b antibodies exacerbates 

arthritis severity, increasing 

proinflammatory cytokines and chemokines, 

in wildtype but not in CD69-deficient 

mice(23). The reduced levels of TGF-b and 

the absence of CD69 could be causally 

associated. In this regard, CD69 crosslinking 

in vitro promotes TGF-b synthesis (24). In 

addition, TGF-b synthesis is dependent on 

ERK activation (25) and CD69 cross-linking 

mediates ERK activation (26).  Hence, the 

regulatory effects of CD69 in vivo appear to 

be mediated through the synthesis of a 

pleiotropic cytokine, which might be finely 

tuned by the controlled expression of CD69 

ligand(s) (26). 

CD69 cross-linking induces TGF-b 

production in CD4C and CD8C T cells as 
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well as in NK cells and macrophages (23), 

suggesting that this receptor exerts a wide 

immunoregulatory action, and that other 

cells, expressing the corresponding counter-

receptor, might also participate in this 

phenomenon. Thus, CD69 could influence 

not only adaptive but also innate immunity. 

Accordingly, in an NK-sensitive tumour 

model in mice, CD69 deficiency leads to 

reduced TGF-b synthesis by immune cells 

that results in a high production of 

chemokines, with decreased lymphocyte 

apoptosis, accumulation of NK cells and 

enhanced tumor lysis (24). Supporting these 

data, blockade of TGF-b signaling in T cells 

enhances antitumor immunity by facilitating 

the expansion of tumour-specific CD8+ T 

cells (27). 

Both the NK-sensitive tumor model 

and the CIA model demonstrates that CD69 

deficiency leads to diminished TGF-b levels 

that support an enhanced immune response, 

resulting in a more efficient depletion of 

tumours or increased inflammation in the 

CIA model. The use of an antibody that 

downregulates CD69 expression in vivo 

reproduced in wildtype mice the phenotype 

found in CD69-deficient mice (24), further 

supporting the proposed immunoregulatory 

role of CD69. However, as mentioned 

earlier, CD69 cross-linking in vitro also 

mediates production of proinflammatory 

mediators, thus suggesting that CD69 could 

have a dual role, mediating the synthesis of 

different cytokines, depending on the 

particular cellular context (23).  

 

IV.CD69 ligands 

The identification of specific ligands 

for CD69 is critical to understand its roles in 

physiology and pathology. Based on the 

identification of a C-type lectin-like domain 

(CTLD) region within its structure, early 

studies postulated that CD69 could bind to 

carbohydrate moieties. However, the results 

of those early experiments were not 

conclusive, likely due to the fact that CD69 

interacts with both, carbohydrate and protein 

residues (12). These early inquiries planted 

the seed for a later study in which the 

galectin-1 protein (protein Gal-1) was 

identified as a specific ligand of CD69 (28).  

Gal-1 is a carbohydrate-binding 

protein expressed in dendritic cells and 

macrophages. Its systemic deficiency 

exacerbates TH1 and TH17 responses (29), 

similar to the phenotype observed in CD69-

deficient mice. The binding of CD69 to Gal-

1 on dendritic cells (DCs) negatively 

modulates the in vitro differentiation of 

TH17 cells (28), which could control 

inflammatory responses in vivo. Gal-1 also 

enhances interleukin-10 (IL-10) secretion in 

T cells through the activation of the aryl 

hydrocarbon receptor (AHR) pathway, 

although the mechanism is not fully 

elucidated (30). 

 Another putative ligand of CD69 is 

the S100A8/S100A9 complex, which binds 

to CD69 in a glycosylation-dependent 

manner, and regulates Treg-cell 

differentiation (31). In addition to these 

ligands, which bind CD69 in a trans manner, 

CD69 establishes lateral (cis) interactions 
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with the sphingosine 1-phosphate receptor 1 

(S1P1) (7), that regulates lymph nodes T-

cell egress, and the amino acid transporter 

complex LAT1-CD98. These data suggest 

that, in addition to its possible role as a 

signal transducer of its ligands, CD69 may 

independently modulate the function of at 

least these two receptors, S1P1 and LAT1, 

which are involved in migration and cell 

metabolism, respectively (32) (Figure 3). 

 

Figure 3. Lateral association of CD69 with the amino acid transporter LAT1-CD98 complex 

regulates TH1/TH17/Treg balance. Cartoon depicts the lateral interactions of CD69 with the LAT1-CD98 

amino acid transporter complex. CD69 increases Trp transport through LAT1-CD98 and favors AHR 

activation through binding of the Trp-derived FICZ ligand. Activation of AHR-transcriptional activity 

favors IL-22 secretion. Amino acid uptake through CD69/LAT1-CD98 complex also favors mTOR 

activation, which promotes TH1 and TH17 development and prevents Treg-cell differentiation. mTOR 

also controls HIF-1α, which negatively regulates Treg-cell function by promoting Foxp3 degradation. 

AHR expression attenuates HIF-1α-mediated effects and modulates the TH-phenotype of effector T 

cells(32). 
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V.CD69-S1P1 balance in the plasma 

membrane of T cells determines tissue 

egress or retention  

Immune surveillance and antigen 

patrolling involves the continuous egress 

and return of naïve T cells from the 

lymphoid organs to the circulation. Murine 

T-cell egress from lymphoid organs is 

mediated by S1P1 expression and its 

interaction with sphingosine-1 phosphate 

(S1P) from the bloodstream. S1P is a 

sphingolipid metabolite that stimulates 

diverse signaling pathways, including 

calcium mobilization, actin polymerization, 

chemotaxis/migration and survival. S1P can 

bind to five related G-protein-coupled 

receptors (S1P1-5) although the S1P1 

isoform is the most represented in murine T 

lymphocytes (33). Antigen recognition by 

the T cell receptor (TCR) as well as certain 

pro-inflammatory stimuli such as interferon 

(IFN-α/ β) and tumor necrosis factor (TNF-

α) can temporarily impair lymphocyte egress 

from the lymph nodes. These stimuli can 

also directly induce CD69 expression in 

lymphocytes (34).  

Although the mechanism is not 

completely established, IFN-AR signaling 

promotes the formation of a complex that 

includes CD69 and S1P1 on the plasma 

membrane. This complex negatively 

regulates the egress function of S1P1, thus 

promoting lymphocyte retention in 

secondary lymphoid organs (7). This 

interaction is independent of the CTLD 

region of CD69 and involves the 

transmembrane and membrane proximal 

regions of CD69, and helix 4 of S1P1. CD69 

and S1P1 association can be detected by co 

immunoprecipitation, whereas no 

association is detected between CD69 and 

the related receptor S1P3. Increased CD69 

expression on the surface of activated T cells 

promotes S1P1 receptor internalization and 

degradation with no effect at a 

transcriptional level (8).  

These biochemical studies placed 

CD69 as a regulator of lymphocyte 

migration and promoter of T-cell retention 

in the lymph nodes and throughout the body. 

Upon activation, T lymphocytes express 

CD69 and are transiently retained in the 

lymph nodes, likely to favor their full 

activation. For this reason, CD69+ T cells 

are seldom found in the circulation 

compared to lymph nodes or inflamed 

tissues, although they appear increased in 

some chronic inflammatory conditions (35). 

In addition, CD69 is required for the 

trafficking of effector CD4+ T cells to the 

bone marrow, particularly for their 

relocation and the persistence of their 

interaction with stromal cells as memory T 

helper cells (36). A role for CD69 regulation 

of migration through the control of S1P1 

expression has been also reported in skin 

dendritic cells (37). 

CD69 in different hematological 

malignancies: 

I. CD69 in T Cell Lymphoma. 

Dorfman et al. reported 

immunohistochemical staining for CD69 in 

frozen and paraffin sections of peripheral T 

cell lymphomas that exhibit 
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immunoreactivity for markers of Th1 or Th2 

differentiation. CD69 expression correlated 

with immunoreactivity for other Th1 

differentiation markers in 18 of 19 frozen 

specimens of peripheral T cell lymphomas 

(P = 0.0005). In ten of these cases in which 

paraffin-embedded tissue was available for 

study, CD69 immunohistochemical staining 

of paraffin sections correlated with frozen 

section expression (38). 

 CD69 immunostaining was performed 

on paraffin sections from 53 additional cases 

of peripheral T cell lymphoma and 

correlated with immunoreactivity for other 

Th1 differentiation markers and was 

associated with specific subtypes of 

peripheral T cell lymphoma, including 

angioimmunoblastic lymphoma, Lennert's 

lymphoma, and mycosis fungoides/Sezary 

syndrome, previously noted to express Th1 

differentiation-associated markers. 

Anaplastic large cell lymphoma, both 

systemic and cutaneous, which typically 

exhibits immunoreactivity for markers of 

Th2 expression, was negative for CD69 

immunostaining in 22 of 24 cases. CD69 

immunostaining results support previous 

findings that a subset of T cell lymphomas 

exhibits immunophenotypic features of 

either Th1 or Th2 T cell differentiation. In 

addition, CD69 is a useful 

immunohistochemical marker for specific T 

cell lymphomas in frozen and paraffin-

embedded tissue (38). 

 

 

II.CD69 in B-cell non-Hodgkin's 

lymphoma. 

The activation associated proteins 

CD23 and CD69 are expressed on cells of 

different lineages upon mitogenic 

stimulation. CD23 is a well characterized 

multifunctional protein in lymphocyte 

development recognized as a diagnostic 

marker for chronic lymphocytic leukaemia. 

Ninety samples from 84 patients with NHL 

of B cell type were studied by Erlanson, M. 

et al. for the expression of CD23 and CD69 

in CD20+ B cells by flow cytometric dual 

parameter analysis. In individual 

lymphomas the CD23 and CD69 antigens 

showed an "on or off" pattern with most or 

very few cells positive for each antigen. The 

CD23 antigen was expressed in 23 of 53 

(43%) indolent lymphomas and in 2 of 37 

(5%) aggressive cases. Most indolent 

lymphomas (81%) and about half the 

aggressive cases (53%) expressed the CD69 

antigen. Thus, both markers were associated 

with indolent type. CD23 expression 

correlated with chronic lymphocytic 

leukaemia subtype and CD69 expression 

with male gender, advanced stage, newly 

diagnosed lymphoma and shorter 

survival(39) 

III. CD69 in Multiple Myeloma 

Multiple myeloma is an incurable 

disease characterized by proliferation of 

clonal malignant plasma cells (PC). The 

neoplastic plasma cells (PC) develop 

bortezomib resistance, they have a germinal 

center B cell like immunophenotype, 

including decreased to absent expression of 
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CD69. The activation antigen CD69 

associates with and inhibits the function of 

Sphingosine 1-phosphate (S1P). Other data 

showed that MM cells express the S1P 

receptors, S1P1, S1P2 and S1P3. 

Furthermore, S1P protects MM cells against 

dexametason-induced apoptosis. 

Importantly, S1P upregulates Mcl-1 

expression in a time and concentration-

dependent manner in human MM cell 

lines(40).  

IV.CD69 in Acute Myeloid Leukemia 

(AML) 

In acute myeloid leukemia (AML), 

leukemia stem cells (LSCs) have self-

renewal potential and are responsible for 

relapse. In AML, CD69 expression marks an 

LSC-enriched subpopulation with enhanced 

in vivo self-renewal capacity. Cytometry by 

time of flight (CyTOF) was used to define 

activated signaling pathways in LSC 

subpopulations in AML. Furthermore, 

Antony et al compared the signaling 

activation states of CD69 High and CD36 

High subsets of primary human AML. The 

human CD69 High subset expresses low 

levels of Ki67 and high levels of NFκB. 

Additionally, the human CD69 High AML 

subset also has enhanced colony-forming 

capacity. Bayesian network modeling was 

applied to compare the global signaling 

network within the human AML subsets. It 

is found that distinct signaling states, 

distinguished by NFκB level, correlate with 

divergent functional subsets, defined by 

CD69 and CD36 expression, in human 

AML. Targeting NFκB with proteasome 

inhibition diminished colony formation (41). 

V.CD69 in Chronic Myeloid Leukemia 

(CML) 

In oncological studies, CD69 levels 

are elevated in several hematopoietic 

malignancies, including CML cells. CD69 

was detected on BCR-ABL-positive CML 

cell line K562 and primary CML stem cells 

(42, 43). Imatinib treatment decreases the 

protein level of CD69, suggesting that CD69 

is a downstream target of BCR-ABL (42). 

VI.CD69 in T Cell Leukemia 

Human T-cell leukemia virus type 1 

(HTLV-1) infection is associated with the 

development of adult T-cell leukemia (ATL) 

and various inflammatory diseases. CD69 is 

a marker of early activation of lymphocytes. 

The CD69 gene was upregulated in all viral 

protein Tax-expressing HTLV-1-

transformed T-cell lines, except MT-2 

and peripheral blood mononuclear 

cells from patients with ATL compared with 

uninfected T-cell line, Tax-negative ATL-

derived T-cell lines and normal peripheral 

blood mononuclear cells. Flow cytometric 

analysis and immunohistochemical analysis 

confirmed the enhanced expression of CD69 

in HTLV-1-transformed T-cell lines and in 

ATL cells in lymph nodes and skin lesions, 

and its absence in MT-2 and peripheral 

blood mononuclear cells (44). 

 CD69 expression was induced 

following infection of human T-cell line 

with HTLV-1, and specifically by Tax. Tax 

transcriptionally activated CD69 gene 

through both nuclear factor-κB and cyclic 

adenosine 3′,5′-monophosphate response 

element-binding protein signaling pathways. 

https://08101zl12-1106-y-https-www-sciencedirect-com.mplbci.ekb.eg/topics/biochemistry-genetics-and-molecular-biology/cd69
https://08101zl12-1106-y-https-www-sciencedirect-com.mplbci.ekb.eg/topics/biochemistry-genetics-and-molecular-biology/viral-protein
https://08101zl12-1106-y-https-www-sciencedirect-com.mplbci.ekb.eg/topics/biochemistry-genetics-and-molecular-biology/viral-protein
https://08101zl12-1106-y-https-www-sciencedirect-com.mplbci.ekb.eg/topics/biochemistry-genetics-and-molecular-biology/peripheral-blood-mononuclear-cell
https://08101zl12-1106-y-https-www-sciencedirect-com.mplbci.ekb.eg/topics/biochemistry-genetics-and-molecular-biology/peripheral-blood-mononuclear-cell
https://08101zl12-1106-y-https-www-sciencedirect-com.mplbci.ekb.eg/topics/biochemistry-genetics-and-molecular-biology/signal-transduction
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Detailed analysis of the CD69 promoter 

indicated that the Tax-induced expression 

of CD69 was regulated by multiple cis-

acting elements and by the interplay of 

transcription factors of the nuclear factor-

κB, early growth response and cyclic 

adenosine 3′,5′-monophosphate response 

element-binding protein families. The lack 

of CD69 expression in MT-2 is due 

to epigenetic 

mechanism involving deacetylation, but 

not methylation. So CD69 is considered as a 

Tax-regulated gene, and its regulation by 

Tax may play a role in cellular activation 

and HTLV-1-induced disease 

pathogenesis(44). 

CD69 as a prognostic marker in Chronic 

lymphocytic leukemia (CLL) 

The clinical course of patients with B-

cell chronic lymphocytic leukemia (CLL) is 

quite variable and the two major clinical 

staging systems are unable to prospectively 

discriminate an indolent or aggressive 

course within the low and intermediate-risk 

categories. For this reason, several 

biological parameters have been added to 

the staging systems to differentiate 

prognostic subsets. Several publications 

reported the prognostic significance of 

specific immunoglobulin variable heavy 

chain (IGHV) gene features in CLL. 

However, since IGHV gene sequencing 

remains a demanding technique, many 

studies focused on the identification of 

alternative markers with similar prognostic 

value the expression of which is easier to 

investigate, such as CD38 and T-cell 

specific zeta-associated protein-70 (ZAP-

70)(45).   

CD69 demonstrated true additive 

prognostic properties, since the CD69+ plus 

ZAP-70+ or CD38+ or immunoglobulin 

variable heavy chain gene unmutated 

patients had the worst progression free 

survival and overall survival. Interestingly, 

low CD69 expression was necessary to 

correctly prognosticate the longer 

progression free survival of patients with a 

low tumor burden of β2-microglobulin, of 

soluble CD23, or of Rai stages 0-I. CD69 

was confirmed to be an independent 

prognostic factor in multivariate analysis of 

progression free survival and overall 

survival. Clinically, CD69 positive chronic 

lymphocytic leukemias received 

chemotherapy more frequently, and 

presented a shorter duration of response 

after fludarabine plus rituximab as well as 

shorter progression free survival and overall 

survival(45). 

Various research showed the 

importance of CD69  and CD38 expression 

as prognostic indicators in CLL. D38 is a 

transmembrane glycoprotein that is normally 

expressed at several stages of B cell 

maturation, precursor B  cells, follicular 

center cells, and plasma cells. Normally, 

CD38 can induce proliferation or apoptosis  

signaling depending on stage of cell 

maturation, nature of  stimulus, and density 

of this marker expression with cofactor  so 

that CD38 plays critical role in fate of  

leukemic B cells. It is found higher 

expression  in tumor microenvironment. Its 

expression is variable and has  received 

https://08101zl12-1106-y-https-www-sciencedirect-com.mplbci.ekb.eg/topics/biochemistry-genetics-and-molecular-biology/epigenetic-mechanism
https://08101zl12-1106-y-https-www-sciencedirect-com.mplbci.ekb.eg/topics/biochemistry-genetics-and-molecular-biology/epigenetic-mechanism
https://08101zl12-1106-y-https-www-sciencedirect-com.mplbci.ekb.eg/topics/biochemistry-genetics-and-molecular-biology/deacetylation
https://08101zl12-1106-y-https-www-sciencedirect-com.mplbci.ekb.eg/topics/biochemistry-genetics-and-molecular-biology/methylation
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attention as prognostic indicator. Higher 

expression  was associated with advanced 

stage  disease, poor response to 

chemotherapy with shorter overall 

survival(46). 

CD95 is the best described cell surface 

antigen associated with apoptotic  pathways, 

CD95 expression on B lymphocyte is 

analyzed before and after the in vitro  

induction of leukemia with phorbol-12-

myristate 13-acetate (PMA), ionomycin, 

phytohemagglutinin, or myogen.  The degree 

of activation was monitored on the basis of 

the  early activation marker (CD69) 

expression. Chronic lymphocytic leukemia 

cells were revealed to be characterized  by a 

markedly lower expression of CD95 than 

normal lymphocytes. Additionally, the 

leukemia cells were incapable  of enhancing 

the expression of this molecule upon 

activation; although, it must be mentioned 

that such phenomenon was documented in 

the case of normal lymphocytes.  Both CLL 

cells and normal lymphocytes showed a 

higher 

expression of CD69 after stimulation. 

Consequently, these  findings suggest that 

CLL  cells express the early activation 

marker to a similar extent as normal cells, 

but their activation-induced apoptosis is 

impaired (47). 

CD69 expression potentially predicts 

response to bendamustine. Clinical 

responses to bendamustine in chronic 

lymphocytic leukemia (CLL) are highly 

heterogeneous and no specific markers to 

predict sensitivity to this drug have been 

reported. In order to identify biomarkers of 

response, the in vitro activity of 

bendamustine and the gene expression 

profile in primary CLL cells was analyzed. 

It is observed that mRNA expression 

of CD69 and ITGAM (CD11b) constitute the 

most powerful predictor of response to 

bendamustine. When we interrogated the 

predictive value of the corresponding cell 

surface proteins, the expression of the 

activation marker CD69 was the most 

reliable predictor of sensitivity to 

bendamustine. Importantly, a multivariate 

analysis revealed that the predictive value of 

CD69 expression was independent from 

other clinico-biological CLL features. It is 

observed that when CLL cells were co-

cultured with distinct subtypes of stromal 

cells, an upregulation of CD69 was 

accompanied by a reduced sensitivity to 

bendamustine (48). 

In agreement with this, tumor cells 

derived from lymphoid tumor niches 

harbored higher CD69 expression and were 

less sensitive to bendamustine than their 

peripheral blood counterparts. Furthermore, 

pretreatment of CD69 high CLL cases with 

the B-cell receptor (BCR) pathway 

inhibitors ibrutinib and idelalisib decreased 

CD69 levels and enhanced bendamustine 

cytotoxic effect. CD69 could be a predictor 

of bendamustine response in CLL patients, 

and the combination of clinically tested 

BCR signaling inhibitors with bendamustine 

may represent a promising strategy for 

bendamustine low responsive CLL cases 

(48). 
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