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Abstract
2B4 (CD244), a member of the CD2 subset of the immunoglobulin superfamily, is important for
stimulating human natural killer (NK) cell cytotoxicity and cytokine production. It is expressed on
all NK cells, a subpopulation of T cells, monocytes, basophils and eosinophils. 2B4 interaction with
its ligand CD48 regulates NK, T and B lymphocyte functions and thus plays a central role in various
immune responses. Previous study indicated a role for AP-1 and Ets in the transcription of the 2B4
gene. In this study we report that stimulation of NK cells through surface 2B4 down-regulates its
own expression due to a reduction in the promoter activity at the Ets element. The down-regulation
of 2B4 could be a mechanism to attenuate the co-stimulatory signal from 2B4–CD48 interactions.
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Natural killer cells are part of the first line of defense against pathogens and cancer cells [1].
They express several receptors that recognize ligands on potential target cells. The natural
cytotoxicity and cytokine secretion is mediated through a delicate balance of signals received
through activating and inhibitory receptors expressed by the NK cells [2]. A variety of different
surface receptors can induce NK cell activation.

2B4 (CD244) was initially discovered as an activating receptor on murine NK cells and a subset
of T cells that mediate non-MHC restricted cytotoxicity and later the human homologue of
mouse 2B4 was cloned [3,4]. However, recent studies indicate that 2B4 acts as an inhibitory
receptor on murine NK cells [5,6]. Molecular cloning of human 2B4 by us and others revealed
that 2B4 plays a broader role in the immune system [4,7]. Unlike in murine NK cells, 2B4 acts
predominantly as an activation receptor on human NK cells [8]. In humans, 2B4 is expressed
on all NK cells, γδ T cells, monocytes, basophils, and on a subset of CD8+ T cells. Ligation of
surface 2B4 with a monoclonal antibody or its ligand CD48 stimulate NK-cell cytotoxicity,
production of stimulatory cytokines such as interferon-γ (IFN-γ), and granule exocytosis [7,
9]. In addition, T cells have been shown to acquire 2B4 expression under certain activating
conditions. For instance, murine CD8+ T cells acquire 2B4 expression upon cytokine
stimulation in vitro and during viral infection in vivo [10]. 2B4 is also found on a large
proportion of effector/memory CD4+ T cells in CMV-infected individuals [11]. 2B4 can
effectively costimulate the signals of other activating NK cell receptors [12] and can enhance
the cytotoxic activity of antigen-specific T cells [13]. 2B4 can also function as an activating
NK cell ligand. 2B4 expression on target cells can stimulate NK cell cytotoxicity and IFN-γ
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production through the engagement of CD48 on NK cells [14]. Through sites of tyrosine
phosphorylation in its cytoplasmic domain, 2B4 associates with the signaling lymphocyte
activation molecule (SLAM)-associated protein (SAP; also called SH2D1A), an intracellular
adaptor molecule composed of an Src homology 2 (SH2) domain and a short C-terminal tail
[15,16]. SAP is expressed in NK cells, T cells, NKT cells, and some B cells and is altered in
X-linked lymphoproliferative disease in humans. Earlier we cloned a 1.1 kb 5′ regulatory region
of the 2B4 gene and mapped regulatory regions within this promoter fragment [17]. AP1 was
shown to play an important role in 2B4 gene transcription. Another study identified an
activating Ets element in the 2B4 promoter 945 bp upstream of the transcription start site, which
is AP1 dependent [18].

Previously we have shown that YT cells, a human NK cell line, have a high expression of h2B4
and demonstrated increased cytolytic activity upon stimulation with mAb C1.7, which
recognizes 2B4. Stimulation of YT cells by mAb C1.7 increases production of IFN-γ,
upregulates the expression of matrix metalloproteinases (MMP-2) and modulates the
expression of h2B4 [19]. But prolonged stimulation of human PBMC stimulated with mAb
C1.7 led to a drastic decrease in mRNA levels of h2B4 after 4 h. In this study, we examined
the activity of the AP1 and Ets element in YT cells upon 2B4 stimulation to find out whether
down-regulation of the 2B4 gene is mediated through their activity.

Materials and methods
Cell culture and preparation of nuclear extract.

YT (human NK cell line) cells were maintained in RPMI 1640 medium supplemented with
10% fetal bovine serum (Hyclone Lab, Logan, UT), 10 mM Hepes, 10 mM non-essential amino
acids, 100 U/ml penicillin, 100 U/ml streptomycin, and 1 mM sodium pyruvate (Life
Technologies, Gaithersburg, MD). Cells were maintained at 37 °C in 5% CO2. YT nuclear
extract was prepared as described previously [17]. Briefly, 50 million YT cells were lysed in
hypotonic Buffer A (10 mM Hepes, pH 7.5, 1.5 mM MgCl2, 10 mM KCl, 1 mM DTT, and 50
mM PMSF) to release the nuclei. Nuclear protein extraction buffer C (20 mM Hepes, pH 7.5,
1.5 mM MgCl2, 600 mM NaCl, 0.2 mM EDTA, 20% glycerol, 1 mM DTT, and 50 mM PMSF)
was then used to extract the proteins from the nuclei. Protein extract was aliquoted and stored
at −70 °C until use.

Dual luciferase reporter assay.
Full length, wild type human 2B4 (WT) promoter construct in pGL2-Basic vector (Promega,
Madison, WI) was made as described previously [17]. All mutant constructs were made from
this construct by in vitro mutagenesis. AP1 and EtsM mutants were constructed as described
previously [18]. One million YT cells were transiently transfected with 4 μg of reporter
construct and 0.4 μg of Renilla luciferase reporter plasmid using Fugene transfection reagent
(Roche, Indianapolis, IN). Firefly and Renilla luciferase assays were performed using the Dual
Luciferase Reporter Assay System (Promega, Madison, WI) as per manufacturer’s instructions,
48 h later.

Reverse transcription PCR.
YT cells were stimulated with mAb C1.7 for 30 min, 1, 2, and 4 h at 37 °C and total RNA was
isolated with the RNAstat 60 reagent according to the manufacturer’s protocol (Teltest Inc.,
Friendswood, TX) and first strand cDNA was synthesized from 2 μg of total RNA using
Omniscript RT (Qiagen) reverse transcriptase and random primers in a volume of 20 μl. PCR
was performed using 100 ng of cDNA under standard conditions for 35 cycles. PCR was
performed using sense primer (5′-GCTCTTTGCCTTCCAATACTTCC-3′) and antisense
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primer (5′-CCTCTTCCTGGATCCAGACTTCC-3′). Oligonucleotides were custom
synthesized by Integrated DNA Technologies (Coraville, IA).

Electrophoretic mobility shift assays (EMSA).
A 25 bp oligonucleotide (5′-GCAGATCCAGAGCTGCCTGGCCTTC-3′) corresponding to
nucleotides −955 to −931 (spanning the −945 hypersensitive site) and nuclear extract from YT
cells stimulated with C1.7 were used in the EMSA. Labeled probes were incubated with YT
cell nuclear extract on ice for 30 min in a 20 μl reaction containing 10 mM Tris (pH 7.5), 1
mM EDTA, 1 mM DTT, 5% glycerol, 4 mM MgCl2, 2 μg poly(dI–dC). Samples were
electrophoresed on a 4% non-denaturing polyacrylamide gel at 200 V for 60−70 min. Gels
were then dried and exposed to X-ray film.

Results and discussion
2B4 stimulation down-regulates its own expression

To determine the role of cis-acting elements in the 2B4 promoter, we performed Luciferase
reporter assays in YT cells using a full length wild type promoter and two mutants (Ets and
AP-1) as described previously [18]. The activity of the wild type construct without C1.7
stimulation was set at 100% and activity of other constructs are relative to this activity. The
reporter assay shows that 2B4 promoter activity decreases to about 60% after mAb C1.7
stimulation, indicating that 2B4 down-regulates its own expression. To determine which
element contributes to this down-regulation, Ets and AP1 mutant constructs were used in the
reporter assay. When the Ets element is mutated, promoter activity decreases to about 60%,
close to the activity after C1.7 stimulation. In this case, C1.7 does not reduce promoter activity
any further, indicating that the down-regulation from C1.7 was mediated through the Ets
element (Fig. 1). When the AP1 element is mutated, promoter activity drops to 30% and C1.7
is not able to down-regulate it any further. We have previously shown that the Ets element is
AP1 dependent. Hence, in the AP1 mutant construct, although the Ets element is intact, it is
non-functional and C1.7 cannot down-regulate promoter activity.

In order to determine the down-regulation of 2B4 at the RNA level, we analyzed mRNA levels
of h2B4 in YT cells stimulated with mAb C1.7. RT-PCR revealed a decrease in mRNA level
of h2B4 after 4 h (Fig. 2). These results corroborates with our previous findings in human NK
cells stimulated with C1.7 revealing a drastic decrease in mRNA levels of h2B4 after 4 h
[19].

Down-regulation of h2B4 is due to reduction in Ets activity
In order to determine whether C1.7 stimulation alters binding of nuclear factor to the Ets
element, we performed electrophoretic mobility shift assays. As seen in Fig. 3, incubation of
the labeled oligonucleotide with YT nuclear extract produced two DNA-protein complexes.
Competition assay with cold probe revealed that the higher molecular weight DNA–protein
complex is specific (Fig. 3, shown by the arrow) while the lower complex is non-specific.
Results show a progressive decline in the binding of the Ets element in the 2B4 promoter to
the YT nuclear protein over a 4 h period (Fig. 3) and remained unchanged even after 6 h (data
not shown). These results agree with the reporter assays and indicate that 2B4 down-regulates
its own expression upon stimulation with 2B4. This also suggests that the down-regulation
after 2B4 stimulation is due to a reduction in activity at the Ets element.

The Ets group of transcription factors play an important role in cell proliferation,
differentiation, apoptosis, migration, and cell-extracellular matrix interactions; processes
critical for immune cell functioning [20]. In addition, Ets-1 is necessary for the development
and /or survival of the NK cell lineage in mice as indicated by the significantly reduced numbers
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of NK cells from Ets-1 deficient mice and reduced NK cell cytolytic activity against tumor
targets in vitro [21]. Recently, it was shown that Ets-1 has multiple Ca2+-dependent
phosphorylation sites for graded DNA binding affinity [22]. Interestingly, Ets-1 is known to
be phosphorylated by Erk1/2 and glycogen synthase kinase 3 (GSK-3), which can be activated
after 2B4 engagement [20,23,24]. Also, Ji et al. reported that Ets-1 can be modified in its two
lysine residues by sumoylation, resulting in repression of transcriptional activity by Ets-1
[25]. It might be possible that antibody-mediated stimulation of 2B4 send a signal to modify
Ets factors and down-regulate its own expression. Because 2B4 expression is up-regulated
upon certain viral infections, Ets might play a more significant role under such conditions
[26].

A recent study has shown the down modulation of 2B4 receptor from the surface of stimulated
YTS cells due to internalization of the receptor resulting in reduced 2B4-mediated NK cell
activation and cytotoxicity [27]. Therefore, stimulation of NK cells leads to the down-
regulation of 2B4 at the protein and mRNA level. This raises the question—why does 2B4
down-regulate its own expression? This could be answered in light of the newly described co-
stimulatory function of 2B4 on lymphocytes. Co-stimulatory molecules provide the necessary
accessory signal required for the antigen-specific clonal expansion of lymphocytes. CD28 is
the best-studied co-stimulatory molecule on T cells. It binds to B7.1 or B7.2 on antigen
presenting cells (APCs) and this engagement in the proper context provides the co-stimulatory
signal [28]. Studies indicate that 2B4 expressed on activated CD8+T cells may act as a
costimulatory ligand for CD48 on neighboring T cells, enhancing proliferation and other
effector functions of the latter [29]. Upon activation, the T cells express another receptor,
CTLA-4, that also binds to B7 molecules on APCs. However, it delivers an inhibitory signal,
limiting the proliferative response of the activated T cells. Mice lacking CTLA-4 have a fatal
disorder characterized by uncontrolled proliferation of lymphocytes [30]. This demonstrates
the importance of attenuating the co-stimulatory signal after lymphocytes have been activated.
A recent study shows that homotypic NK cell interaction, through 2B4–CD48, is required for
IL-2 driven expansion and activation of NK cells [31]. As NK cells expand one would expect
even more 2B4–CD48 stimulation through the neighboring NK cells, potentially leading to a
positive feedback loop of NK cell expansion and stimulation through 2B4–CD48. The down-
regulation of 2B4 could be a mechanism to attenuate the stimulatory signal from 2B4–CD48
interactions. Thus, 2B4–CD48 interactions among neighboring lymphocytes could help boost
the initial immune response, which would then be limited by down-regulation of 2B4 on
lymphocytes (Fig. 4).

In conclusion, we have shown that stimulation of YT cells through surface 2B4 leads to a down-
regulation of 2B4 expression due to a reduction in the promoter activity at the Ets element.
The down-regulation of 2B4 may be an important factor in controlling lymphocyte activation
during immune responses.
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Fig 1.
2B4 stimulation down-regulates its own expression (A) Dual luciferase assay after mAb C1.7
stimulation. Stimulation of 2B4 by C1.7 antibody decreases promoter activity. YT cells were
incubated with 200 ng/ml of C1.7, 4 h prior to transfection. Constructs were then transfected
along with a pRL3-CMV control vector and firefly and renilla luciferase activity was
determined 40 h later. RLU, relative light units. The activity of the wild type construct without
C1.7 stimulation is set at 100% and activity of other constructs are relative to this activity.
Schematics of the constructs are shown to the left of the bar graphs. WT, wild type construct;
EtsM, construct with mutation at Ets site; AP1M, AP1 site mutant. Error bars indicate standard
deviation (each reaction was run in triplicate). (B) Schematic of 2B4 gene down-regulation
upon signaling through surface 2B4. The Ets transcription factor binds at −955 to −945 bp of
the 2B4 gene promoter and up-regulates transcription in an AP1 dependent manner. Reduction
in the Ets binding may lead to reduced expression of 2B4 gene.
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Fig 2.
h2B4 down-regulates its own RNA expression. YT cells (1 × 106 cells/ml) were incubated in
the presence of mAb C1.7 (200 ng/ml) for various time intervals. Total RNA was extracted
and subjected to RT-PCR with primers amplifying sequences of the h2B4 gene and the β-actin
gene. PCR products were run on a 1.2% agarose gel with ethidium bromide.
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Fig 3.
Reduced Ets-1 binding revealed by EMSA. (A) EMSA was performed with the radioactive
probe and nuclear extract from YT cells (YT-NE) stimulated with C1.7 for the indicated time
periods. (B) Competition assay was performed with 100 M excess of unlabeled probe. Samples
were electrophoresed on a 4% non-denaturing polyacrylamide gel at 200 V for 60−70 min.
Arrow indicates the position of the DNA- protein complex. NS indicates non-specific binding.
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Fig 4.
A model for controlling immune response arising through 2B4–CD48 interactions. 2B4–CD48
interactions on neighboring lymphocytes provide a co-stimulatory signal. After the initial
stimulation 2B4 expression is down-regulated, possibly, to attenuate this co-stimulatory signal.
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