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Abstract

Early studies described CD69 as a leukocyte activation marker, and suggested its involvement in

the activation of different leukocyte subsets as well as in the pathogenesis of chronic

inflammation. However, recent investigations have showed that CD69 knockout mice exhibit an

enhanced susceptibility to different inflammatory diseases, mainly those mediated by Th17

lymphocytes. The recent discovery of a ligand for CD69 expressed on Dendritic cells, Galectin-1,

has confirmed the immunoregulatory role of CD69 mainly by the inhibition of Th17

differentiation and function in mice and humans. In this regard, the expression of CD69, both in

Th17 lymphocytes and by a subset of regulatory T cells, has an important role in the control of the

immune response and the inflammatory phenomenon. Therefore, different evidences indicate that

CD69 exerts a complex immuno-regulatory role in humans, and that it could be considered as

target molecule for the therapy of immune-mediated diseases.
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CD69 IS AN EARLY ACTIVATION ANTIGEN OF IMMUNE CELLS

CD69 is a type II C-lectin membrane receptor with a scarce expression in resting

lymphocytes that is rapidly induced upon cell activation. CD69 gene maps at human

chromosome 12, and behaves as an early activation gene that contains responsive elements

for the transcription factors NF-κB, ERG-1 and AP-1 (Fig. 1A). Early in vitro data as well

as the prominent expression of CD69 in chronic inflammatory cell infiltrates suggested that

this receptor has an important role in the activation of leukocytes, exerting a pro-

inflammatory effect. Recent studies in CD69-deficient mice indicate that this molecule
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exerts a complex and interesting role in the modulation of the immune response and the

inflammatory phenomenon [1]. However, these studies have been controversial for a while

since two different models of CD69 deficient mice have been described with opposite

effects in the development of T-cell independent arthritis and Th2-dependent asthma.

Murata et al. 2003 [2] described a CD69 knockout mice that were protected towards arthritis

induced by anti-type II collagen antibodies whereas Lamana et al. 2006 [3] revisited the

same disease model with an independent CD69-deficient mice and found that the lack of

CD69 did not inhibits joint inflammation. Lamana et al. used monoclonal antibodies against

CD69 in wild type mice, that downregulates the expression of the molecule in the

membrane, to bypass putative different genetic alterations in the process of generation of

these two different animal models. These investigations confirmed that the lack of CD69 do

not protects the mice towards the T-independent model of neutrophil-mediated arthritis.

Regarding the role of CD69 in asthma, Miki-Hosokawa et al. 2009 described that the

reduced migration of Th2 cells accounts for the inhibition of lung inflammation in a model

of CD69 null mice [4], whereas Martin et al. 2010 using an independent mouse model of

CD69 deficiency, found that Th2 and Th17 responses were enhanced in the lungs with

higher expression of S1P1 receptors which therefore, induces an increase in the migration of

these cells [5]. The use of the neutralizing anti-CD69 antibodies in vivo in wild type

animals, to avoid differences by genetic alterations, mimicked the phenotype of CD69

deficient mice in the asthma model and in a model of skin contact hypersensitivity.

Therefore, apart form the different animal models, the studies in vivo with monoclonal

antibodies against CD69 demonstrated that the blocking of this molecule enhances Th17-

dependent inflammatory responses and that this process is independent of the genetic

alteration between the two animal models. Besides asthma, different models of T-cell

independent lung inflammation have been studied in CD69-deficient mice. Fibrosis and

inflammation were attenuated in CD69-deficient mice after intratracheal bleomycin and

cigarette smoking, although both models are mediated mostly by macrophages and

neutrophils [6, 7].

The recent discovery of the CD69 ligand Galectin-1, expressed on Dendritic cells (DCs),

that has remained a question for decades, clarifies the controversy of the previous data

indicating that CD69 could be an activator or an regulator of immune responses. The

selective binding of CD69 to Galectin-1 on DCs modulates the differentiation of Th17

helper cells, therefore confirming that this pair is involved in the negative control of pro-

inflammatory responses [8].

Until the counter-receptor for CD69, Galectin-1, has been characterized, most functional

studies on CD69 have been performed with agonistic monoclonal antibodies (mAbs). Thus,

it has been described that the engagement of CD69 in T lymphocytes in the presence of

phorbol esters triggers Ca2+ influx, ERK1/2 kinases activation, induction of synthesis of

IL-2 and interferon-γ, and cell proliferation [9, 10]. However, recent experiments have

shown that the cytoplasmic tail of CD69 is able to interact with the transcription factor

STAT5 through Jak3 activation. The activation of this signaling pathway inhibits the

differentiation of Th17 lymphocytes by blocking the synthesis of IL-17 and inactivating

RORγt transcription factor. The lack of CD69 expression results in enhanced Th17 pro-

inflammatory responses in vivo in CD69-deficient mice [11].
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CD69 exerts its regulatory functions in various specialized “activated” T cell subsets. The

role of CD69 in the control of T helper memory cells [12] has been described and also the

differential role of CD69 targeting by antibodies on bystander and antigen specific T cell

proliferation [13]. Moreover, a subset of recently activated CD69+ FoxP3+ regulatory T

lymphocytes showed site-specific accumulation after transfer to lymphoid compartments,

indicating that this molecule could be a potential marker to develop cellular-based therapies

to treat autoimmune diseases [14]. Furthermore, it has been showed that CD69 negatively

regulates the migration of effector T lymphocytes and bone marrow-derived dendritic cells

induced by the chemotactic factor sphingosine-1-phosphate (S1P) [15, 16]. All these data

indicate that CD69 exerts a complex regulatory effect on the immune system, affecting the

differentiation of cells, the synthesis of cytokines, and modulating the inflammatory

response.

CD69 AS AN IMMUNO-REGULATORY RECEPTOR

The important role of CD69 as a brake for the inflammatory responses is supported by

evidences in different experimental animal models (experimental diseases are summarized

in Table 1). Thus, in the murine model of collagen-induced arthritis, the absence of CD69

exacerbates the inflammatory and destructive phenomenon in the affected joints, which is

accompanied by a significant diminution in the synthesis of TGF-β [17]. In addition, these

animals show an increased generation of Th1 lymphocytes and an enhanced synthesis of

soluble inflammatory mediators, including IL-1β, and the chemokines RANTES, MIP-1α,

and MIP-1β. Accordingly, in this experimental model the in vivo blockade of TGF-β with

mAbs induces a similar effect than the absence of CD69 [17]. On the other hand, it has also

been shown that CD69-deficient mice develop an exacerbated form of ovalbumin-induced

allergic airway inflammation, with an enhanced recruitment of eosinophils, and an increased

synthesis of Th2 and Th17 cytokines in lung tissue [5]. Likewise, in an experimental model

of contact dermatitis, the absence of CD69 or its blockade enhances the tissue damage and

the recruitment of Th1 and Th17 lymphocytes [5]. The relevant immuno-regulatory role of

CD69 has been also observed in experimental autoimmune myocarditis. In this model of

cardiomyopathy, CD69 deficiency enhances the inflammatory phenomenon and aggravates

myocardial tissue damage mediated by Th17 lymphocytes, favoring the progression to heart

failure [18]. In addition, it has been reported that the transfer of CD4+ T cells from CD69

knockout mice into RAG(−/−) immuno-deficient animals induces an accelerated form of

colitis, with an enhanced production of IFN-γ, TNF-α, and IL-17 [19]. However, the

atherosclerosis induced by high-fat-diet in apoE−/− mice is not enhanced by the absence of

CD69, and when atherosclerosis is induced in these mice by immunization with conalbumin,

the CD69+ lymphocytes seem to participate in the pathogenesis of vascular lesions, as

effector cells [20, 21].

THE COMPLEX ROLE OF CD69 IN AUTOIMMUNE DISEASES

In humans, the in vivo expression of CD69 has been mainly detected in leukocyte

inflammatory infiltrates (Table 2). As stated above, although this pattern of expression of

CD69 initially suggested that this molecule exerts a pro-inflammatory pathogenic effect,

several recent reports indicate that this receptor is an important element of the immuno-
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regulatory machinery, aimed to limit the inflammatory phenomenon and tissue damage.

However, since CD69 is expressed by different subsets of activated leukocytes, it is feasible

that in humans this receptor may have effects other than the down-regulation of immune

response. In this regard, the prominent expression of CD69 in the synovial fluid and/or

tissue from patients with rheumatoid arthritis (RA) or chronic viral hepatitis suggested its

involvement in the pathogenesis of the inflammatory phenomenon seen in these conditions

[22, 23]. In this regard, it is of interest that most T cells from the rheumatoid synovial fluid

show the unconventional phenotype CD69+ HLA-DR+ CD25−, and that CD69 is involved in

the induction of synthesis of TNF-α by macrophages, with the participation of IL-15 [24,

25]. A similar phenomenon seems to occur in the case of CD69+ NK lymphocytes from the

synovial fluid, which are also able to induce the release of TNF-α by monocytes, an effect

that is abolished when CD69 is blocked [26]. Finally, although osteoarthritis has been

largely considered as a non-inflammatory condition, it is of interest that a significant

proportion of CD69+ lymphocytes are detected in both the synovial fluid and synovial

membrane from patients with this disease [27].

Patients with systemic sclerosis (SSc) show an increased differentiation of Th17

lymphocytes, and an enhanced synthesis of TGF-β. Interestingly, during the inflammatory

phase of skin damage of SSc, a significant infiltration by CD69+ leukocytes is observed,

mainly in those patients with the limited form of this condition [28]. In addition, the

peripheral blood from these patients show enhanced levels of CD69+ T cells, which

synthesize IL-17 [29]. In this regard, it is worth remembering that CD69 engagement

induces the release of TGF-β, a cytokine with a relevant role in the fibrotic phenomenon that

occurs in patients with SSc [30]. However, it is also true that CD69 seems to be an important

negative modulator for Th17 cells [11].

In other rheumatic diseases, as systemic lupus erythematous (SLE), it has been also

described that NK cells from peripheral blood show an enhanced expression of CD69 as

well as an increased synthesis of interferon-γ, which correlates with increased levels of

interferon-α in serum, a key cytokine in the pathogenesis of this condition [31].

Furthermore, these patients show enhanced levels of CD8+CD69+ cytotoxic lymphocytes,

which are able to induce the apoptosis of different cells [32], a phenomenon that also has a

key role in the pathogenesis of SLE. It is of interest that a significant fraction of patients

with SLE and RA synthesize auto-antibodies directed against CD69, which could modify the

function of this receptor, contributing thus to de dysregulation of the immune system

observed in these conditions [33]. A similar finding has been described in patients with

chronic viral hepatitis [34]..

CD69 seems to be also involved in the pathogenesis of other autoimmune diseases. Thus,

patients with multiple sclerosis (MS), mainly those with active brain lesions, show an

enhanced proportion of CD69+ T cells in cerebrospinal fluid and peripheral blood [35]. In

addition, these patients show an increased frequency of CD4+CD69+ lymphocytes that are

activated by myelin, which release interferon-γ and/or TNF-α [36]. Accordingly, patients

with neuromyelitis optica (a demyelinating condition related to MS, which is associated with

autoimmunity against the cell membrane protein aquaporin 4) also show enhanced levels of

peripheral blood CD69+ T cells, and an enhanced proportion of lymphocytes that are
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activated by aquaporin 4 derived peptides [37]. Interestingly, in a murine model of MS, the

oral administration of the myelin basic protein (MBP) induces the preferential localization

of these CD69+ cells to the Peyer’s patches, where they are deleted by apoptosis, a

phenomenon that confers protection against the disease [38]. As in other autoimmune

diseases, Th17 cells have an important pathogenic role in MS [39]. Thus, an enhanced

proportion of Th17 cells has been detected in the cerebrospinal fluid of these patients, and

CD69+ Th17 lymphocytes show a high pathogenic potential [39]. In addition, patients with

autoimmune thyroid disease (AITD) also show a high proportion of CD69+ leukocytes in

peripheral blood and thyroid tissue as well as an enhanced differentiation of Th17 cells,

which infiltrate the inflamed gland [40, 41]. However, it is of interest that at least a

proportion of these CD69+ cells seems to correspond to lymphocytes with a regulatory

function [42]. On the other hand, it has been described that when lymphocytes from patients

with Wegener’s granulomatosis are stimulated with the proteinase 3 auto-antigen, an

enhanced proportion of CD69+ lymphocytes with a Th17 phenotype is generated [43].

Furthermore, the bronchoalveolar lavage fluids (BALF) from patients with sarcoidosis and

hypersensitivity pneumonitis contain a high proportion of CD69+ T cells, which shows a

significant positive correlation with tissue damage [44, 45]. Similar findings have been

reported in patients with chronic pulmonary obstructive disease [46, 47]. Since in all these

conditions the tissue damage is, at least in part, mediated by Th17 cells, it is tempting to

speculate that the increased proportion of CD69+ is reflecting a failed attempt to suppress

the inflammatory phenomenon by regulatory lymphocytes. However, it is also feasible that

at least a fraction of the CD69+ cells observed in these inflammatory diseases correspond to

pathogenic activated effector cells.

In the case of the inflammatory phenomenon that is involved in the pathogenesis of

atherosclerosis, it has been described that in patients with acute coronary syndromes the

percentage of CD69+ lymphocytes in atheroma plaques correlates with disease severity and

patient outcome [48]. In the case of chronic viral hepatitis, most intrahepatic CD8+

lymphocytes express CD69, but not CD25 [23], resembling those described in the synovial

fluid of patients with RA [24, 25], and likely related to the regulatory CD69+CD25−

lymphocytes described in mice [49]. On the other hand, patients with dementia associated to

AIDS show increased levels of peripheral blood CD69+ monocytes, which exert in vitro a

cytotoxic effect on neural cells [50]. Finally, in the case of organ transplantation, CD69

expression has been initially associated to graft rejection, and CD69+ leukocytes seem to

exert a pathogenic role in this phenomenon [51, 52]. However, it has also been reported that

CD69+ T regulatory (Treg) cells are potent inhibitors of skin allograft damage [53].

Accordingly, long-term surviving patients with kidney transplants show increased levels of

peripheral blood CD4+CD25+CD69+ Treg lymphocytes [54].

CD69 AND ALLERGIC DISEASES

In patients with allergic asthma there is an increased number of CD69+ eosinophils in

BALF, mainly after antigenic challenge [55, 56]. Furthermore, in patients with atopic

dermatitis, the presence of CD69+ eosinophils in peripheral blood is associated with very

high levels of total IgE [57]. Thus, the presence of CD69+ eosinophils in the peripheral

blood or tissues from patients with allergic conditions is strongly associated with an active
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inflammatory phenomenon, which requires appropriate therapy [57]. On the other hand, the

sputum of patients with asthma contains high levels of CD69+ lymphocytes, and as in the

case of eosinophils, the number of those cells is enhanced by antigenic challenge [58]. In

addition, it has been reported that the exposure of the peripheral blood mononuclear cells

from allergic individuals to allergens results in the appearance of a large proportion of

CD69+ NK cells [59]. These data indicate that in patients with allergic conditions, CD69

behaves as an activation marker of the leukocytes involved in the tissue damage, which

seem to be refractory to the suppressive effect of Treg cells [60].

CD69 AND REGULATORY T CELLS

As stated above, it has been described in mice a CD4+CD25−CD69+Foxp3− T cell subset

that exerts a suppressive function through TGF-β [49] (regulatory properties of the different

subsets of Tregs are summarized in Box 1). In this regard, we have previously detected the

presence of CD69+TGF-β+ and CD69+IL-10+ lymphocytes in the peripheral blood and

thyroid gland from patients with AITD [42]. The existence of CD4+CD69+ regulatory cells

has been confirmed in humans by Gandhi R, et al. [61], who characterized a

CD4+CD69+TGF-β+ small cell subset (0.1 to 1.5% of T lymphocytes in peripheral blood).

These cells show a variable expression of CD25, their differentiation is independent of

Foxp3, and are able to exert a strong immunosuppressive function in vitro, which is

mediated by TGF-β and IL-10 [61]. Interestingly, patients with SLE show a diminished

number of peripheral blood CD4+CD69+ lymphocytes, which is associated with resistance

of effector T lymphocytes to suppression by conventional Treg cells [62, 63]. In addition, it

has been reported that the levels of CD4+CD69+CD25− cells are increased in the peripheral

blood and liver from patients with hepatocellular carcinoma, and that these levels correlate

with tumor size or the presence of metastases [64]. In contrast, children with intestinal

parasite infection [65] and patients with kidney transplants [54] show enhance levels of

peripheral blood CD4+CD69+ Treg cells. Finally, it has been reported that CD69-deficient

mice show increased tissue inflammation during the early stage of Listeria monocytogenes

infection, with an increased synthesis of Th1 cytokines [66].

There are additional data on the involvement of CD69 in T cells with immunosuppressive

function. Thus, an early report showed that in the NZBxNZW mice, a T-cell dependent

model of SLE, there is an increased number of CD4+CD69+ T cells, which exert in vitro a

suppressive effect, inhibiting the synthesis of IL-2 by CD4+CD69− lymphocytes [67]. In

contrast, and as stated above, patients with SLE show a decreased number of CD69+ Treg

cells with a defective suppressive function, which is paradoxically associated with an

enhanced synthesis of TGF-β [63]. These patients also show increased levels of effector

CD69+ lymphocytes in their peripheral blood. In this regard, it is worth noting that patients

with SLE are characterized by a defective production of IL-2 and that this cytokine has a

critical role in the differentiation of conventional Foxp3+ Treg lymphocytes.

A role of CD69 in the generation of Foxp3+ Treg cells has been recently proposed. In this

regard, the differentiation of Treg cells in human thymus is linked to CD69 expression, and

dendritic cells are able to induce the differentiation of CD4+CD8+CD69high thymocytes into

CD4+CD25highFoxp3+ Treg cells [68]. In addition, when Treg cells are activated in vitro
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with allogenic dendritic cells or mesenchymal stem cells, they become CD69+ and exert a

potent suppressive function [69]. Accordingly, in patients with Chagas’ disease, the in vitro

exposure of lymphocytes to T. cruzi antigens also results in the expression of CD69 by

CD4+CD25high Treg cells [70]. In this regard, in SSc patients the diminished expression of

CD69 by CD4+CD25high Treg lymphocytes is associated with a poor suppressive function

and a diminished synthesis of TGF-β [71]. Finally, it has been demonstrated that oral

tolerance is impaired in CD69-deficient mice, and that their CD4+ T lymphocytes show a

reduced potential to differentiate into Foxp3+ Treg cells [19]. All these data strongly suggest

that CD69 is involved in the function and generation of different types of Treg cells, mainly

in the CD4+CD25highFoxp3+ natural regulatory lymphocytes, and the recently described

CD4+Foxp3−TGF-β+ lymphocyte subset.

CONCLUDING REMARKS

Early studies on CD69 indicated that both in mice and humans this molecule behaves as a

leukocyte activation marker, and strongly suggested that it exerts a relevant role on the

activation of different leukocyte subsets as well as in the pathogenesis of the tissue damage

seen in different inflammatory conditions [1, 9, 10]. However, the generation of CD69

knockout mice demonstrated that, although these animals exhibit few immune abnormalities

in steady state conditions, they clearly show an enhanced susceptibility to several

inflammatory diseases, mainly those mediated by Th17 lymphocytes [5, 17-19].

Accordingly, a T lymphocyte subset expressing CD69 and exerting in vitro a potent

immunosuppressive function through TGF-β and IL-10 was subsequently described in mice

[61][53]. Obviously, these data indicated that the main biological function of CD69 in vivo

is the negative regulation of the immune response and the inflammatory phenomenon.

However, the current challenge is to confirm that all these phenomena also occur in humans,

i.e., to corroborate that the main function of CD69 in humans is the negative regulation of

the immune reactivity, and that its deficiency results in an enhanced risk for autoimmune

and chronic inflammatory diseases. In this regard, it is worth noting that most reports on

CD69 in humans suggest that its expression in vivo is reflecting an ongoing immune

response, associated to tissue damage. In addition, no individuals with deficiency of CD69

have been described yet, and in the single report on the possible association between allelic

variants (SNP’s) of CD69 gene and chronic inflammatory diseases, no significant skewing

in the distribution of the five SNP’s studied in patients with RA was observed [72].

Therefore, we consider that it is very important, on the basis of the interesting data generated

in the CD69 knockout mice, to investigate in humans, through future studies, the following

points: 1) Identification and study of individuals with congenital deficiency of CD69; 2)

Characterization of the natural ligand(s) for CD69; 3) To establish the precise relationship

between CD4+CD69+CD25−Foxp3− regulatory T cells and other subsets of lymphocytes

with regulatory function; 4) To perform detailed and prospective studies on the number and

function of CD4+CD69+CD25−Foxp3− regulatory T cells in different autoimmune and

chronic inflammatory conditions in humans, and; 5) To define the functional role of CD69

in activated Foxp3+ Treg cells. The information generated through these studies would allow

us to establish the biological role of CD69 in humans in health and disease, making feasible
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the targeting of this molecule for the therapy of autoimmune and chronic inflammatory

diseases.
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Glossary

Th17
lymphocytes

are a CD4+ T cell lineage highly relevant for the defense against fungi

and bacteria and the development of autoimmune diseases. This subset

of helper T cells differs from Th1 and Th2 lymphocytes mainly in the

release of distinctive cytokines such as IL-17A, IL-17F, IL-22 or IL-21.

Th17 lymphocytes are specialized in initiating inflammatory responses

in epithelial and mucosal surfaces by the activation of neutrophils.

RORγt retinoic acid receptor-related orphan nuclear receptor gamma, is a key

transcription factor for the development of Th17 cells both in human and

mouse.

STAT5 signal transducer and activator of transcription protein STAT5 is and

essential mediator of IL-2 signaling in T cells. FoxP3 is activated by

STAT5 enhancing the function of regulatory T cells, whereas Th17 cell

differentiation is inhibited by this transcription factor through the

inhibition of STAT3 phosphorylation and translocation to the nucleus.

RAG(−/−)
mice

are animals with a mutation in the germline of the V(D)J recombination

activation gene RAG-1. These mice have immunodeficient responses,

defective B and T lymphocyte maturation and small lymphoid organs.

NZBxN2W
mice

animal model for the study of systemic lupus erythematosus (SLE).

These animals develop the disease spontaneously by generating auto-

antibodies with specificity to nucleic acid antigens, and die by lethal

immune-complex glomerulonephritis.

S1P1 a G-protein coupled receptor of the Egd gene family of Sphingosine-1-

phosphate (S1P) specific receptors. This receptor is critical for proper

lymphocyte development and egress to lymphoid organs. During the

migratory process of mature T cells from the thymus to the periphery,

the gene encoding S1P1 (Egd1) is positively regulated from double-

positive to single-positive thymocytes transition, which gives rise to an

increase in the expression of the receptor favouring the egress to

periphery.
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Box 1

Regulatory T cells

Most than four decades ago it was described that an immune cell subset is able to

suppress the immune response and autoimmune phenomena [73]. Since the so called “T

suppressor cells” were never properly characterized, their existence was subsequently

denied [74]. However, in 1995 Sakaguchi S. et al. reported that a CD4+ T cell subset with

a high constitutive expression of the alpha chain of IL-2 receptor (CD25high) was

responsible for the immune tolerance to self antigens [75]. It was subsequently described

that the differentiation of these natural T regulatory (nTreg) cells in thymus is dependent

on the expression of the transcription factor Foxp3, and that they have a relevant role in

the homeostasis of the immune system and the pathogenesis of autoimmune disease [76].

Additional lymphocyte subsets with immuno-regulatory activity have been described [76,

77]. Induced T regulatory (iTreg) cells (CD4+CD25+Foxp3+) are generated in the

periphery, under the effect of different cytokines, mainly TGF-β. CD8+ lymphocytes

expressing Foxp3 have been also described.

There are also Foxp3− regulatory lymphocytes, including the Tr1, Th3, and Tr35 cell

subsets. Tr1 lymphocytes (CD4+CD25−Foxp3−) are generated in the periphery, and exert

their suppressive effect mainly through IL-10 synthesis, acting on monocytes and

macrophages. Th3 lymphocytes (CD4+CD25−Foxp3−TGFβ+) are mainly involved in oral

induced tolerance, having an important effect on Foxp3+ Treg cells. Tr35 lymphocytes

(CD4+Foxp3−) are induced by IL-10 and IL-35 and are characterized by the synthesis of

the latter cytokine, which exerts a potent immunosuppressive effect [78].

As stated in the text, it has been characterized a lymphocyte subset (CD4+Foxp3−TGFβ+)

that show a constitutive expression of CD69, and variable levels of CD25 [49, 61]. These

cells exert a remarkable regulatory effect, apparently mediated by TGF-β and IL-10. On

the other hand, it seems evident that CD69 may be expressed, under certain

circumstances, by other regulatory cells, including nTreg and iTreg lymphocytes. Finally,

the precise relationship among the different CD4+ T regulatory cell subsets remains as an

important point to be fully elucidated.
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Outstanding Question Box

1. What is the functional role of CD69 in activated effector T lymphocytes?

2. As occurs in mice, the main physiological role of CD69 in humans is the

suppression of the immune response and the down-regulation of the

inflammatory phenomenon?

3. Which are the endogenous ligands of CD69?

4. Is CD69 a plausible target for the therapy of autoimmune inflammatory

diseases?

5. It would be a useful maneuver the blockade of CD69 to enhance the immune

reactivity during immunization procedures?
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Fig. 1. Main characteristics of CD69
(A) Gene encoding for CD69 is localized in the natural killer (NK) gene complex. CD69

belongs to a family of receptors that modulate the immune response, the NK gene complex.

NK cluster encodes several proteins as CD94 receptors or NKG2 receptor family of

proteins. CD69 gene is localized at human chromosome 12 and mouse chromosome 6, and

the sequence contains a potential TATA element with a number of putative binding sites for

inducible transcription factors (NF-κB, ERG-1, AP-1) involved in the control of CD69 gene

expression. (B) CD69 protein structure and interacting proteins. CD69 belongs to the C-type

lectin receptors family (CTLD), and its structure is shared by other members as CD94.

Three-dimensional analysis of human CD69 structure has revealed that it is expressed as a

homodimer, formed by two identical polypeptide chains with different degrees of

glycosylation (and molecular weights of 33 and 27 kDa), linked by a disulphide bridge. The

cytoplasmic tail of mouse and human CD69 associates with Jak3/Stat5 signaling proteins,

which regulates the transcription of RORγt/RORC2 and therefore the differentiation of Th17

lymphocytes.
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Fig. 2. Immuno-regulatory role of CD69
Natural T regulatory (nTreg, left) lymphocytes, which do not constitutively express CD69,

are able to synthesize this molecule, when are activated in the periphery. Upon its

engagement with their putative endogenous ligands (expressed on the surface of immune

cells, including antigen presenting cells), the intracellular signals generated through CD69

would enhance the immunosuppressive activity of nTreg cells and would increase the

synthesis of TGF-β. Another subset of Treg lymphocytes (CD4+ CD25−, with a variable

expression of Foxp3, middle left) is characterized by the constitutive expression of CD69.

Upon activation, these cells become CD25+ and, as in the case of nTreg lymphocytes they

would increase their immuno-regulatory activity after the engagement of their CD69
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molecules. In the case of naïve non-regulatory CD4+ and CD8+ T cells (middle right, and
right, respectively), CD69 behaves as an activation molecule, appearing on the cell surface

when these cells are activated by antigen presenting cells or other stimuli. When these cells

are differentiated into effector (helper and cytotoxic) lymphocytes, they remain as CD69+,

and the engagement of this molecule would diminish the pro-inflammatory activity of these

cells. However, and as stated in the text, it is also feasible that the expression of CD69 by

CD4+ or CD8+ effector lymphocytes is associated, under certain circumstances, with an

enhanced pathogenic capability of these cells Thus, CD69 seems to exert a complex but

relevant immuno-regulatory role at different cell levels, affecting the severity of immune-

mediated diseases, mainly those characterized by chronic inflammation.
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Table 1
CD69 role in animal models of disease.

Disease Animal model Cell Type Tissue References

Collagen-induced arthritis C57BL/6J CD69−/− T and B cells Synovial leukocytes [17]

Anti-type-II collagen induced arthritis C57BL/6J CD69−/− Neutrophils Joints [2, 3]

Ovalbumin-induced allergic airway
inflammation

Balb/c CD69−/− Th2/Th17 cells Lugs and airways [4, 5]

Lung inflammation after Bleomycin C57BL/6J CD69−/− Macrophages, Neutrophils and
lymphocytes

Lungs [6]

Cigarette smoke Induced inflammation C57BL/6J CD69−/− Macrophages and Neutrophils Lungs [7]

Contact hypersensitivity to oxazolone C57BL/6J CD69−/− Th1/Th17 Skin [5]

Experimental autoimmune myocarditis Balb/c CD69−/− Th17 cells Myocardium. [18]

Systemic lupus erythematosus NZB×NZW mice CD4+CD69+ T cells Peripheral lymphoid
tissues, kidney, and

lung

[67]

Listeria monocytogenes infection C57BL/6J CD69−/−

and Balb/c CD69−/−
Th1 Liver and spleen [66]

Hepatocarcinoma C57BL/6J and
BALB/c mice

New subset of regulatory CD4+

T cells
Spleen and

mesenteric lymph
nodes

[23]

CD4 T cell transfer colitis C57BL/6J CD69−/− Th17 cells Bowel [19]
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Table 2
CD69 in human diseases.

Disease Cell Type Tissue References

Rheumatic diseases

Rheumatoid arthritis T and NK cells Synovial fluid [22, 24, 27]

Osteoarthritis T cells Synovial membrane and fluid [27]

Systemic sclerosis Th17 and Treg cells Peripheral blood [29, 71]

Systemic lupus erythematosus T, Treg and NK cells Peripheral blood [31, 63, 67]

Wegener’s granulomatosis Th17 cells Peripheral blood [43]

Autoimmune diseases

Multiple sclerosis Th17 cells Cerebrospinal fluid [35, 36]

Neuromyelitis optica T cells Peripheral blood [37]

Autoimmune thyroiditis T and Treg cells Peripheral blood, thyroid gland [40, 42]

Inflammatory diseases

Sarcoidosis T cells Peripheral blood, lung [44]

Pneumonitis CD4+ Tcells Lung [66]

Chronic bronchitis CD4+ T cells Peripheral blood, lung [47]

Atherosclerosis T cells Blood vessels [48]

Other diseases

Asthma T cells, eosinophils Peripheral blood, lung [55, 56, 58]

Atopic dermatitis Eosinophils Peripheral blood [57]

Hepatocellular carcinoma Treg cell subset Peripheral blood, liver [64]

Kidney transplant Treg cells Peripheral blood, kidney [52, 54]
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