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Summary

The non-catalytic region of tyrosine kinase (Nck) is proposed to play an
essential role in T cell activation. However, evidence based on functional and
biochemical studies has brought into question the critical function of Nck.
Therefore, the aim of the present work was to investigate the role of Nck in T
cell activation. To study this, the human Jurkat T cell line was used as a model
for human T lymphocytes. The short interfering (si) RNA targeting Nck1 gene
was used with electroporation to knock-down Nck1 protein expression in
Jurkat T cells. Primary human CD4 T cells were also transfected with the
siRNA of Nck1. The results showed that decreased Nck1 protein expression
did not affect the apoptosis of the transfected Jurkat T cells compared with
control siRNA-transfected cells and non-transfected cells. Upon CD3e/CD28
stimulation, knock-down of Nck1 in Jurkat T cells caused a decrease in CD69
expression and in interleukin (IL)-2 secretion. Similarly, knock-down of Nck1
in primary CD4 T cells also caused decreased CD69 expression. However, no
significant alterations of CD69 and IL-2 expression were found upon phyto-
haemagglutinin (PHA)/phorbol myristate acetate (PMA) stimulation. Knock-
down of Nck1 had no effect on the proliferation of Jurkat T cells stimulated
with either PHA or anti-T cell receptor (TCR) monoclonal antibody (C305).
The reduced Nck1 expression in Jurkat cells was also associated with a reduced
phosphorylation of extracellular regulated kinase (Erk)1 and Erk2 proteins
upon CD3e/CD28 stimulation. In conclusion, the decreased Nck1 protein in
Jurkat T cells resulted in an impairment of TCR–CD3-mediated activation
involving a defective Erk phosphorylation pathway.
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Introduction

The central event of the adaptive immune system is when the
T cell receptor (TCR)–CD3 complex recognizes and binds to
a foreign peptide presented by a major histocompatibility
complex (MHC) molecule, initiating a specific immune
response. Numerous proteins and protein complexes consti-
tute the T cell signalling pathway. Nck is a multi-functional
adaptor protein of 47 kDa, containing three N-terminal
Src homology 3 (SH3) domains and one C-terminal SH2
domain [1,2]. There are two types of human Nck proteins,
namely Nck1/Ncka and Nck2/Nckb (also known as Grb4).
Nck1 and Nck2 exhibit a high degree of sequence homology
in the interaction modules at 68% identical and 79% similar
over their entire amino acid sequences [1,2]. Mice with
deleted Nck1 and Nck2 die in the early embryonic stage,

whereas single Nck1 or Nck2 deletion has no apparent phe-
notype [3]. Although this indicates some functional redun-
dancy of the two isoforms, there are several reports that have
indicated non-overlapping functions [4–6].

The modular architecture of the Nck provides a scaffold
for a variety of protein–protein interactions, and more than
60 interacting partners have been identified [7]. To date,
Nck1- or Nck2-specific downstream targets have rarely been
reported, and in many instances the T cell activation path-
ways have not been attributed clearly to Nck1 or Nck2.
Therefore, Nck1 and Nck2 are generally termed Nck in the
literature. In many cell types, the SH2 domain binds to the
phosphotyrosine residues of receptors or cytosolic proteins
and the SH3 domains bind to proline-rich sequences (PRS)
in corresponding target proteins, leading to the formation of
multi-protein complexes. In T cells, Nck has been reported
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to act as a link between the TCR–CD3 complex and regula-
tory molecules that mediate signalling and reorganization of
actin cytoskeletons [8–10].

Nck may be involved in intracellular T cell signalling both
in an immunoreceptor tyrosine-based activation motif
(ITAM)-requiring mechanism [11–14] and in a non-ITAM-
requiring mechanism [15,16]. Nck–CD3e interaction
induced both interleukin (IL)-2 release and CD69 expression
upon anti-CD3e antibody (OKT3) stimulation in Jurkat T
cells, suggesting that recruitment of Nck to the TCR–CD3
complex may be important for TCR signalling and immu-
nological synapse formation. Nck-defective murine T cells
fail to proliferate and to produce IL-2 upon stimulation with
anti-CD3e antibody, but do with phorbol 12-myristate
13-acetate (PMA) and ionomycin [17]. Nck deletion also
impairs TCR-mediated calcium mobilization and ERK phos-
phorylation in activated T cells. Even these this data suggest
the importance of Nck in optimum TCR-mediated activa-
tion, Szymczak et al. showed that interaction between the
CD3e PRS and Nck is not required for T cell development
and function [18]. They observed no differences in CD69
expression after staphylococcal enterotoxin B (SEB) stimu-
lation of T cells from mice expressing wild-type or mutant
CD3e PRS. Moreover, the Nck-CD3e is also capable of
down-regulating T cell activation by inhibiting CD3e ITAM
phosphorylation and/or by reducing TCR cell surface
expression [19].

Because the function of Nck1 in T cell receptor signalling
is still controversial, the aim of the present study was to
assess the role of Nck1 in T cell activation and function.
Nck1 knock-down Jurkat T cells were assessed for CD69 and
IL-2 expression after stimulation with anti-CD3/anti-CD28
antibodies, anti-TCR antibody or phytohaemagglutinin
(PHA)/phorbol myristate acetate (PMA). CD69 expression
in Nck1 knock-down human CD4 T cells was assessed. In
addition, the role of Nck1 in TCR activation involving the
phosphorylation of ERK protein was assessed.

Materials and methods

Cell culture

Jurkat T cells (clone E6-1; American Type Culture Collec-
tion, Rockville, MD, USA) were grown in the RPMI-1640
medium (Gibco, Gaithersburg, MD, USA) supplemented
with 10% heat-inactivated fetal bovine serum (FBS)
(Gibco), 100 IU/ml penicillin/streptomycin (JRH Bio-
sciences, Victoria, Australia), and 2 mm l-glutamine (JRH
Biosciences) at 37°C in the humidified atmosphere with 5%
carbon dioxide.

Peripheral blood mononuclear cells (PBMC) were isolated
from buffy coats obtained from normal blood donors at the
Blood Bank Centre of Naresuan University Hospital. The use
of buffy coats was approved by the Ethical Committee of
Naresuan University. Primary CD4 T cells were isolated from

the PBMC using a magnetic affinity cell sorting (MACS)
CD4+ isolation kit II (Miltenyi Biotec GmbH, Bergisch
Gladbach, Germany) according to the manufacturer’s
instructions. Purity of the CD4 T cells was >90% as
measured by flow cytometric analysis. CD4 T cells were
maintained in the same culture medium as Jurkat T cells
pretransfection.

Nck short interfering (si)RNA transfection

In order to knock-down Nck, Jurkat T cells were transiently
transfected with control siRNA or siRNA specific for Nck1
mRNA (Invitrogen, Carlsbad, CA, USA) by electroporation.
Approximately 2 ¥ 105 cells per electroporation were col-
lected, washed with RPMI-1640 and resuspended in solution
R plus stealth RNAi™ siRNA duplexes specific for Nck1 (no.
983; Invitrogen). Negative controls were performed by using
negative stealth siRNA low GC content (Invitrogen). Positive
controls of transfection were performed using the green
fluorescent protein reporter plasmid (pEGFP) (Invitrogen)
10 ml according to the manufacturer’s instructions. To deter-
mine the concentration of siRNA, the first three most effi-
cient conditions were used with 100 pmol or 50 pmol of
Nck1 stealth siRNA and with the non-specific siRNA nega-
tive control. Cells were electroporated in a microporator
pipette at various voltages (V), pulse widths (msec) and
pulse numbers using the MicroPorator (Digital Bio Technol-
ogy, Seoul, Korea). Primary CD4 T cells were transfected
using double pulses of 15 ms at 2100 V. The transfected
Jurkat T cells and primary CD4 T cells were subsequently
cultured in RPMI-1640 plus FBS for 48 h. Transfection effi-
ciency was determined by measuring the green fluorescence
mean of each sample using fluorescence activated sell sorter
(FACS)caliber flow cytometry and CellQuestPro software
(Becton Dickinson, San Jose, CA, USA).

Western blotting

Normal and transfected Jurkat cells as well as primary CD4 T
cells were lysed using M-PER mammalian protein extraction
reagent (Pierce Biotechnology, Rockford, IL, USA). Protein
concentration was determined by using a bicinchoninic acid
(BCA) kit (Pierce Biotechnology), according to the manu-
facturer’s instructions.

Samples (5 mg each) were fractionated by sodium dodecyl
sulphate-polyacrylamide gel electrophoresis (SDS–PAGE)
and transferred to an Immobilon-P membrane (Millipore,
Bedford, MA, USA). After washing three times with Tris-
buffered saline (TBS) and 0·1% Tween 20, the membrane
was blocked with 25 ml of blocking solution (TBS, 1%
bovine serum albumin (BSA), 10% FBS and 0·1%Tween 20)
for 1 h. The membrane was incubated with 10 ml rabbit
monoclonal antibodies raised against Nck1, Nck2 or b-actin
(Cell Signaling Technology, Danver, MA, USA). Then, horse-
radish peroxidase-conjugated goat anti-rabbit antibody
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diluted 1:1000 was added for 1 h. Protein–antibody inter-
action was then visualized by chromogenic detection using
a Western breeze chromogenic immunodetection system
(Invitrogen). Molecular weights were determined by com-
paring with SeeBlueR Plus2 Pre-stained Standard (Invitro-
gen) and an equal loading was determined by the presence of
b-actin.

Extracellular regulated kinase (ERK) phosphorylation

In order to determine the effect of Nck1 knock-down on ERK
phosphorylation, normal and transfected Jurkat cells were
stimulated with PHA plus PMA or anti-CD3e/anti-CD28
monoclonal antibody (mAb). Briefly, the cells were washed in
ice-cold PBS and resuspended in ice-cold RPMI-1640 con-
taining 6 mg/ml PHA plus 1 ng/ml PMA or 10 mg/ml anti-
CD3e mAb plus 10 mg/ml anti-CD28 mAb before incubation
at 37°C in a water bath to activate signalling for 10 min [20].
At the end of the incubation time, ice-cold RPMI-1640 was
added rapidly into the cells and they were centrifuged quickly
in a refrigerated microcentrifuge for 30 s [21]. Cell pellets
were lysed in buffer containing 20 mm Tris-HCl (pH 8),
137 mm NaCl, 2 mm ethylenediamine tetraacetic acid
(EDTA), 10% glycerol, 10 mg/ml leupeptin, 10 mg/ml aproti-
nin, 1 mm phenylmethylsulphonyfluoride (PMSF), 500 mm
sodium orthovanadate, 1 mm sodium fluoride (NaF) and 1%
Triton X-100. The supernatant containing cytoplasmic
proteins was collected after centrifugation at 15 300 g for
15 min at 4°C. Equal protein amounts were resolved to 8%
SDS-PAGE and were then transferred onto polyvinylidene
fluoride (PVDF) membrane.The membrane was probed with
anti-phospho-ERK (The202/Tyr204; Upstate Biotechnology,
Lake Placid, NY, USA), developed with the superSignal West
Pico chemiluminescence kit (Pierce Biotechnology), and then
observed under a CCD camera (ImageQuant LAS 4000; GE
Healthcare Life Sciences, Pittsburgh, PA, USA). The same
membrane was stripped and reprobed for b-actin.

Apoptosis assay

The level of apoptosis was determined using FITC
Annexin-V Apoptosis Detection Kit I (BD Pharmingen, San
Diego, CA, USA), following the manufacturer’s instructions.
Normal and transfected Jurkat T cells were either not stimu-
lated or stimulated with 300 ng/ml anti-TCR antibody
(clone C305; Millipore, Temecula, CA, USA) for 24 h. Cells
were examined using FACScalibur flow cytometer (Becton
Dickinson) and CellQuestPro software.

Cell proliferation assays

A colorimetric 5-bromo-2′-deoxyuridine (BrdU) ELISA
kit (Roche Diagnostics, Mannheim, Germany) was used
to measure cell proliferation using the manufacturer’s
instructions. Normal and transfected Jurkat T cells (2 ¥ 104

cells/well) were cultured in the presence or absence of
5 mg/ml PMA, 300 ng/ml anti-TCR monoclonal antibody
(C305) or 100 U/ml IL-2 (Pierce Biotechnology) for 24 h.
Absorbance was measured at 450 nm on a microplate reader
(PerkinElmer Life Sciences, Downers Grove, IL, USA). All
proliferation assays were performed in triplicate. Culture
medium alone and cells incubated with peroxidase-labelled
anti-BrdU in the absence of BrdU were used as controls for
non-specific binding.

Detection of CD69

Untransfected and transfected Jurkat T cells and primary
CD4 T cells were stimulated with 1 mg/ml PHA plus
10 ng/ml PMA or 10 mg/ml anti-CD3e (mAb) (OKT3) plus
10 mg/ml anti-CD28 mAb (eBioscience, San Diego, CA,
USA) for 24 h at 37°C before treatment with 20 mm ethyl-
enediamine tetraacetic acid (EDTA; BD Biosciences, San
Jose, CA, USA) for 15 min at room temperature. The cells
were washed twice with phosphate-buffered saline (PBS)
containing 0·5% FBS, fixed in 1% paraformaldehyde, washed
with PBS containing 2·0% FBS and then incubated with
phycoerythrin (PE)-conjugated mouse anti-human CD69
mAb or isotype control for 30 min at 4°C protected from
light. Finally, cells were washed, resuspended in a staining
buffer (PBS containing 0·5% BSA) and CD69 expression
analysed by a FACScalibur using CellQuestPro software.

Measurement of IL-2 production

Normal and transfected Jurkat T cells (1 ¥ 105 cells/ml) were
incubated with 6 mg/ml PHA plus 1 ng/ml PMA as described
previously [22] or with 10 mg/ml anti-CD3e mAb plus
10 mg/ml anti-CD28 mAb at 37°C for 24 h; 100 ml cell-
culture supernatants were collected, centrifuged and stored
at -80°C until assayed. IL-2 levels were determined using a
commercial enzyme-linked immunosorbent assay (ELISA)
kit (R&D, Minneapolis, MN, USA) following the manufac-
turer’s instructions. The optical density at 450 nm was read
using a microplate reader (Perkin Elmer).

CD3 expression

Transfected Jurkat T cells were harvested, washed in ice-cold
PBS, and then stained with fluorescein isothiocyanate
(FITC)-conjugated anti-human CD3 antibody (OKT3;
BioLegend, San Diego, CA, USA) or isotype control for
30 min at 4°C in the dark. Then, the cells were washed,
resuspended in a staining buffer (PBS containing 0·5% BSA)
and CD3 expression analysed using a FACScalibur (Becton-
Dickinson).

Statistical analysis

All experiments were performed in duplicate, as stated
otherwise, and were repeated on three different occasions.
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Statistical analyses were performed using spss software. All
data were expressed as mean � standard deviation (s.d.).
Differences between experimental groups were analysed
with analysis of variance (anova) followed by Dunnett’s
comparison test. The differences were considered to be
significant when P < 0·05.

Results

Nck1 siRNA transfection in Jurkat T cells and primary
CD4 T cells inhibited Nck1 protein expression

siRNA has been used successfully for targeting Nck in T cell
blasts [23]. To determine the proper condition for transfec-
tion of Jurkat T cells, three electroporation parameters,
which were voltage, pulse width and pulse number (1700 V,
20 ms, 1; 1600 V, 10 ms, 3; or 1400 V, 20 ms, 2) and two
concentrations (100 pmol or 50 pmol) of siRNA against
Nck1 and non-specific siRNA negative control were used. As
shown in Fig. 1a, the Nck1 protein expression was reduced in
Nck1 siRNA-transfected groups at 48 h after transfection.
The greatest reduction of Nck1 protein level appeared when
Jurkat T cells were electroporated at 1600 V, 10 ms, and 3
with 50 pmol of Nck1 siRNA compared with blank control
and non-specific siRNA negative control. The Nck1 siRNA

knock-down was specific because it did not affect expression
of the Nck2 and unrelated protein b-actin (Fig. 1a). A similar
reduction of Nck1 protein level was also seen in Nck1 knock-
down primary CD4 T cells (Fig. 1b).

Loss of Nck1 did not induce apoptosis in Jurkat T cells

It has been shown that Nck translocates to the nucleus upon
DNA damage. This accumulation is essential for the activa-
tion of downstream regulators of the DNA damage cascade
and cell-cycle arrest [24]. To test whether or not the loss of
Nck1 was associated with apoptosis, annexinV-FITC and PI
staining were performed using flow cytometry (Fig. 2).

The percentage of apoptotic cells in the Nck1 siRNA-
transfected group was 11·80% � 0·76%, which did not
differ from that of the non-transfected control group
(9·81% � 0·69%) and the non-specific siRNA negative
control group (10·72% � 0·63%) (Fig. 2a–c). Similar, the
percentage of apoptotic cells in transfected Jurkat cells
stimulated with anti-TCR antibody was 14·75% � 1·54%,
which also differed from the untransfected control
(13·08% � 1·81%) and the negative siRNA control
(14·00% � 1·71%) groups (Fig. 2d–f). This finding indicated
that a cytotoxic effect of siRNA treatment was minimal and
Jurkat T cell survival was independent of Nck1 expression.

Loss of Nck1 did not impair Jurket T cell proliferation

To determine whether Nck1 was involved in proliferation of
T cells, normal and transfected Jurkat T cells were cultured
for 24 h in the presence of PHA, anti-TCR antibody and IL-2.
The proliferative response in the Nck1 siRNA-transfected
cells did not differ significantly from that in non-specific
siRNA-transfected cells (Fig. 3). The results suggested that
Nck1 was not required for the proliferation of Jurkat T cells
stimulated with PHA, anti-TCR antibody or IL-2.

Nck1 is required for TCR–CD3-mediated activation

To assess the influence of Nck1 down-regulation on the
expression levels of the CD69, negative control and Nck1
knock-down Jurkat T cells were stimulated with PHA/PMA
or anti-CD3e/anti-CD28 antibodies. In the Nck1 siRNA-
transfected group, CD69 was detectable by both types of
stimulation. After PHA/PMA stimulation, Nck1 siRNA-
transfected cells had similar CD69 expression compared
with the negative control siRNA group. However, after
anti-CD3e/anti-CD28 antibody stimulation, Nck1 siRNA-
transfected cells had significantly lower CD69 expression
compared with the negative control siRNA group (Fig. 4a,b).
Similarly, CD69 expression was decreased in Nck1 knock-
down primary CD4 T cells (Fig. 4c,d). In addition, knock-
down of Nck1 did not affect CD3 expression Jurkat T cells
(Fig. 5). These results indicated clearly that CD69 expression

1

(a)

(b)

2 3

1 2 3

4 5

Nck1, 47 kDa

Nck2, 43 kDa

β-actin, 45 kDa

Nck1, 47 kDa

β-actin, 45 kDa

Fig. 1. Expression of Nck1 protein was reduced after Nck1-specific

short interfering (si)RNA transfection. E6-1 Jurkat T cells (a) and

primary CD4 T cells (b) were transfected with Nck1-specific or

negative control siRNA for 48 h. Cell extracts were subjected to

Western blot analysis with anti-Nck1 monoclonal antibody (mAb)

and anti-b-actin mAb. (a) Lane 1, blank control; lane 2, transfection

with 100 pmol Nck1 siRNA; lane 3, transfection with 50 pmol Nck1

siRNA; lane 4, transfection with 100 pmol non-specific siRNA

negative control; lane 5, transfection with 50 pmol non-specific

siRNA negative control. (b) Lane 1, untransfected CD4 T cells;

lane 2, negative control siRNA; lane 3, si RNA Nck1.
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upon TCR–CD3-mediated stimulation was affected by Nck1
down-regulation.

Knock-down of Nck1 resulted in the reduction of
IL-2 production

The impact of the Nck1 knock-down on IL-2 production
induced by PHA/PMA or anti-CD3e/anti-CD28 mAb was
examined. Consistent with the CD69 results, Jurkat T cells
expressing reduced levels of Nck1 failed to respond to anti-
CD3e/anti-CD28 antibody stimulation by producing IL-2
when compared with cells transfected with the negative

control siRNA (Fig. 6). In contrast, IL-2 production upon
PHA/PMA stimulation from Nck1 siRNA-transfected
cells was comparable to that from negative control siRNA-
transfected cells. Because stimulation with PHA/PMA
bypasses the TCR signalling machinery, these results
suggested that Nck1 reduction specifically induced an
impairment of TCR–CD3-mediated T cell activation and
function.

Knock-down of Nck1 resulted in an impaired
ERK phosphorylation

The importance of Nck1 on ERK phosphorylation was
assessed. The tranfected and untransfected Jurkat cells were
stimulated with PHA plus PMA or anti-CD3e/anti-CD28
mAb. Then, the phosphorylation of ERK was determined
and the result clearly showed that knock-down of Nck1
was associated with a defective ERK phosphorylation
(Fig. 7).

Discussion

Nck1 is an important regulator of the cytoskeletal reorgani-
zation and the formation of the immune synapse between
T cells and antigen-presenting cells (APCs). Two different
models for the association of Nck with the TCR–CD3
complex have been proposed. In the ITAM-requiring
pathway, Nck is recruited to the membrane proximal site via
interaction with the SH-2-domain containing 76 kDa leuco-
cyte protein (SLP-76), forming a trimolecular complex of
SLP–76/Vav1/Nck which is involved in the Wiskott–Aldrich
syndrome protein (WASP)-dependent actin cytoskeletal

Fig. 2. Nck1 knock-down did not induce

apoptosis in Jurkat T cells. E6-1 Jurkat T cells

were transfected with Nck1-specific short

interfering (si)RNA (a), untransfected (b) or

transfected with non-specific siRNA negative

control (c). Jurkat T cells were also stimulated

with anti-T cell receptor (TCR) monoclonal

antibody (mAb) and there was no difference

in the % apoptosis of T cell receptor

(TCR)-stimulated Jurkat cells transfected with

Nck1-specific siRNA (d), untransfected (e) or

transfected with non-specific siRNA negative

control (f). The lower left zone showed the

viable cells (annexinV-/PI-), the upper left zone

represented necrosis cells (annexinV-/PI+),

the lower right zone showed early apoptosis

(annexinV+/PI-) and the upper right zone

showed the late apoptosis (annexinV+/PI+). The

combination of the upper and lower left zones

represented the total apoptotic cells. Shown are

mean percentage � standard deviation of

apoptotic cells from three experiments.
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rearrangement [9,25]. In the non-ITAM-requiring pathway,
the N-terminal SH3 domain of Nck binds to a PRS in CD3e
that is exposed due to a conformational change in the TCR
complex after TCR ligation [15].

In this present report, Nck1 siRNA was transfected into
Jurkat T cells used as a cell model to knock-down Nck1
protein in order to investigate the role of Nck1 in T cell
activation and function. siRNA, 20–25-nucleotide double-
stranded RNA, mediates sequence-specific elimination of
complementary mRNA [26–28]. For delivering siRNA into
the T cell line, an effective and cost-saving method is the
capillary electroporation system [29]. A partial knock-down
of Nck by electroporated siRNA transfection can yield
50–60% reduction of Nck protein level in PHA-stimulated T
cell blasts [23]. The Nck1 protein expression was inhibited
after transfection with Nck1-specific siRNA, suggesting that
the transfection was successful. CD69 expression represents
one of the earliest available markers for T cell activation.
CD69 acts as a potent signal-transmitting receptor on

lymphocytes. It is involved in cytokine gene regulation
and cell migration upon lymphocyte activation [30]. The
reduced IL-2 secretion by Nck1 knock-down Jurkat T cells
stimulated with anti-CD3e/anti-CD28 antibodies was
accompanied by lower expression of CD69. This is not unex-
pected, because surface expression of CD69 is a marker of
Ras activation, which is critical for proliferation and tran-
scription of the IL-2 gene [31]. Nck is known to interact with
Grb2 and SOS GTP exchange factor [10,32,33], leading to
enhanced transcription from a Ras-dependent reporter gene.
Ras signalling affects many cellular functions, including cell
proliferation. This reduced IL-2 secretion was unlikely to
result from cell apoptosis, as no difference in the percentage
of apoptotic cells was found between the transfected and
control groups. However, the reduced CD69 and IL-2 expres-
sion in this present study was associated with defective ERK
phosphorylation. This finding supports previous studies that
Nck deletion causes reduced ERK phosphorylation and
cytokine production by T cells [17,34].

Fig. 4. Nck1-regulated expression of CD69

in T cell receptor (TCR)–CD3-mediated

activation. Jurkat T cells and primary human

CD4 T cells were stimulated with

anti-CD3e/anti-CD28 antibodies (a,c) or

phytohaemagglutinin (PHA)/phorbol myristate

acetate (PMA) (b,d) for 24 h. Histograms

show CD69 expression of untransfected

Jurkat T cells and CD4 T cells. Dotted line,

unstimulated; bold solid line, negative control

short interfering (si)RNA-transfected; grey

histogram, Nck1 siRNA-transfected. Each

cell population was stained with anti-CD69

phycoerythrin (PE) and isotype control

antibodies (solid line) and was analysed

by flow cytometry for CD69 expression.
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An early study has indicated that recruitment of Nck to
the PRS of CD3e is essential for optimal T cell activation and
synapse formation [15]. Nck-CD3e interaction-inducing
antibodies was a better inducer for both IL-2 release and
CD69 expression than non-inducing antibodies for Jurkat T
cells. A recent study employing a highly sophisticated mouse
model has shown that Nck-defective T cells fail to proliferate
upon stimulation with anti-CD3e antibody but not with
PMA and ionomycin [17]. Furthermore, culture superna-
tants of T cells from Nck-deficient mice exhibited a reduc-
tion in IL-2 content compared to untreated mice after CD3e/
CD28 stimulation. This suggested that the unmodified
response of Nck-deficient T cells to PMA and ionomycin
stimulation was due to the signalling pathway that bypassed
the TCR signalling apparatus, indicating the involvement of
Nck in proximal TCR signalling. The present study is in line
with those results, as CD3e/CD28 stimulation was unable to
induce CD69 expression and IL-2 secretion in Nck1 knock-
down cells. However, the proliferation and CD69 expression

of Nck1 knock-down cells stimulated with PHA and PHA/
PMA, respectively, were not changed. The stimulation with
PHA and PMA bypassed TCR signals by directly triggering
lymphocyte-specific protein tyrosine kinase (Lck) and
protein kinase C (PKC) activity [35]. Thus, Nck1 impairs
TCR–CD3-mediated CD69 expression.

Functional analysis has shown that there are no differ-
ences observed in proliferation and CD69 expression after
treatment with strong stimulators in T cells from mice
expressing wild-type or CD3e PRS mutation [18]. The data
suggest that interaction of CD3e PRS with Nck might not be
essential for T cell development and function. However, in
addition to CD3e, interaction of Nck with SLP-76 or linker
for activation of T cells (LAT) [9,25] induces WASP-
mediated actin cytoskeleton rearrangement and T cell
activation [36–38]. Nck1 may cause recruitment of these
regulatory molecules to the plasma membrane for enhancing
proximal TCR signal potency. Conflicting data have indi-
cated that the Nck-CD3e is also capable of down-regulating
T cell activation by inhibiting CD3e ITAM phosphorylation
and/or reducing TCR cell surface expression [19]. In this
context, the SH 3-1 domain of Nck2 binding to an uncom-
mon PxxDY motif of CD3e blocks the tyrosine phosphory-
lation of the ITAM of CD3e and affects internalization signal
of TCR. This discrepancy may be due to differences in the
isoforms of Nck being tested. Perhaps Nck1 could bind to
PxxDY motif to a lesser degree and subsequent ITAM phos-
phorylation may not be affected.

In summary, Nck1-specific siRNA transfection did not
induce Jurkat T cell apoptosis. Nck1 appears to be important
in TCR–CD3-mediated activation, as evidenced by inhibi-
tion of T cell function when its expression is down-
regulated. Nck1 could bridge TCR activation to downstream
signalling mechanism, at least in part, through the ERK
phosphorylation cascade. In this scenario, formation of Nck-
mediated signalling complex may result in the propagation
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Fig. 6. Nck1 was required for interleukin (IL)-2 production by

Jurkat T cells. Negative control short interfering (si)RNA-transfected

(�) or Nck1 siRNA-transfected ( ) Jurkat T cells were stimulated

with anti-CD3e/anti-CD28 antibodies (a) or phytohaemagglutinin

(PHA)/phorbol myristate acetate (PMA) (b) for 24 h. Results

represent mean � standard deviation of three experiments.

*P < 0·05.
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Fig. 7. Extracellular regulated kinase (ERK) phosphorylation was

decreased in Nck1 knock-down Jurkat cells. Jurkat T cells were

treated with specific Nck1 short interfering (si)RNA (Nck1) or

control siRNA (Ctl). After 48 h of cultivation, cells were subsequently

stimulated with 10 mg/ml anti-CD3e monoclonal antibody (mAb)

plus 10 mg/ml anti-CD28 mAb or with 6 mg/ml phytohaemagglutinin

(PHA) plus 1 ng/ml phorbol myristate acetate (PMA) or none (-)

for 10 min at 37°C. Cytoplasmic proteins were immunoblotted with

anti-phospho-Erk1/2 (Thr202/Tyr204, Thr185/Tyr187) antibody.
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of proximal TCR signals. The reduced Nck1 expression in
our present study led to an impairment CD69 expression
and IL-2 production by T cells. Taken together, these data
suggest that the Nck1 adaptor protein is a crucial regulator of
TCR–CD3-mediated activation and function.
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