
Investigation of alpha nascent polypeptide-associated complex functions in a

human CD8
+
T cell ex vivo expansion model using antisense oligonucleotides

N. AL-SHANTI,* C. G. STEWARD,*� R. J. GARLAND* & A. W. ROWBOTTOM� *Department of Pathology and

Microbiology, University of Bristol, Bristol, UK., �Department of Paediatric Haematology, Royal Hospital for Children,

Bristol, UK and �Department of Immunology, University Hospital of Wales, Cardiff, UK

SUMMARY

In order to determine molecules involved in the differentiation and proliferation of human CD8+

cells, two ex vivo expansion models were established: coculture of freshly purified human CD8+

cells with irradiated autologous feeders (AF) or stimulation with anti-CD3. Two different

proliferation kinetics of CD8+ cells and expression patterns of CD57 were observed between

these conditions. Differential display reverse transcriptase–polymerase chain reaction was

applied to investigate the differential expression of mRNA species between CD8
+
CD57

+
and

CD8+ CD57– populations. A differentially expressed RNA species called alpha nascent poly-

peptide associated complex (a NAC) was found at a higher level in CD8+ CD57– cells than in

CD8
+
CD57

+
cells. In the presence of AF, the expression of a NAC was reduced on culturing

whilst proliferation increased. Similarly, in cultures stimulated with anti-CD3, a NAC reverted

to its inactive form and differentiation and proliferation increased. Using a phosphorothioate-

modified oligodeoxynucleotide antisense directed specifically against a NAC mRNA, protein

expression was inhibited and increased CD8
+
cell proliferation and CD25 expression were

observed irrespective of the culture conditions. This suggests that a NAC protein is anti-

proliferative molecule. This is the first description of the function of the a NAC protein in

human CD8
+
T cells.
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INTRODUCTION

The molecular events that govern CD8+ cell proliferation

and differentiations are poorly defined. The ability to
regulate cells progressing from potent cytotoxic effectors to
terminally differentiated regulatory cells may have impact
an on the numbers and efficiency of antigen specific cells

that can be generated for applications such as adaptive
immunotherapy.

Following thymic maturation, CD8+ cells recirculate

between the peripheral lymphoid tissues and blood until they
encounter antigen. Naı̈ve CD8+ cells encountering antigen
differentiate into memory-type and effector-type cells as

determined by phenotypic markers.1,2 Memory cells express
CD27 and CD28 but not CD45RA and CD57. In contrast,

effector cells are CD45RA+ CD57+ CD27– CD28–. CD57
is a sulphated glucuronyl carbohydrate moiety of
110 000 MW3 expressed on cell adhesion glycoproteins and
encoded by a gene located on chromosome 11.4

A high expression pattern of CD57 antigen on CD8+

cells has been recognized in some pathological conditions5–7

and CD8high CD57+ cells are believed to represent an

important regulatory subpopulation which have the capa-
city to control common lymphocyte functions.8–10 CD57+

cells are not a distinct subset or lineage but are derived

directly from CD57– T cell by a process of differentiation
which occurs late in the immune response.11 Therefore,
CD8+ CD57+ cells are considered to be activated, ter-

minally differentiated cells arising from CD8+CD57– cells
after long-term proliferation and differentiation.12 We
showed that in vitro culturing of purified CD8+ cells either
with autologous feeders (AF) or with anti-CD3 results in

different patterns of CD57 antigen expression.
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We exploited two ex vivo models of human CD8+ T cell
expansion, coculturing with AF or stimulation with anti-
CD3, to investigate the molecular events which regulate
differentiation and proliferation. Differential display

reverse transcriptase–polymerase chain reaction (DDRT–
PCR) was used to investigate the differential expression of
RNA species between CD8+ populations expressing and

lacking the terminal differentiation marker.
A differentially expressed band was present at higher level

in CD57– than in CD57+ cells. BLAST searching revealed

that the sequence of this band has 99Æ2% sequence homology
with transcriptional coactivator gene alpha nascent poly-
peptide associated complex (a NAC). NAC is a stable het-

erodimeric protein consisting of a and b subunits.13 It binds
nascent polypeptides lacking signal peptides as they emerge
from the ribosome and prevents the translocation of these
polypeptides to the endoplasmic reticulum.13 a NAC func-

tions as a developmentally regulated transcriptional coacti-
vator in mice osteoblasts.14 It stabilizes the binding of AP-1
and TATA binding protein (TBP) with DNA leading to

increase transcriptional activity.14 Using antisense technol-
ogy, we have studied the function of a NAC protein since its
role has not previously been investigated in human CD8+

cells. It was shown that a NAC protein functions as an
antiproliferative molecule in this setting.

MATERIALS AND METHODS

All reagents were supplied by Sigma Chemicals, Poole, UK,
unless otherwise specified.

Isolation of CD8+ T cells from human peripheral blood
CD8+ T cells were obtained by positive selection from

mononuclear cells of four different healthy individuals as
previously described.15 This was performed by positive
selection using CD8-coated microbeads in accordance with
the manufacturer’s instructions (Miltenyi Biotec, Bergisch

Gladbach, Germany). The purity of CD8+ cells was
assessed by flow cytometry and was routinely more than
98%. CD8+ cells were grown in RPMI-1640 medium,

supplemented with 10% (v ⁄v) human AB serum, 100 U ⁄ml
penicillin, 0Æ01% (w ⁄v) streptomycin and 2 mm glutamine,
at 37� in 5% CO2. These isolated CD8+ T cells were cul-

tured under two different conditions. Cells were plated out
into 96-well plates (Corning incorporated, Corning, NY)
with each well containing 104 CD8+ cells supplemented
with 5 · 104 AF for 21 days. Alternatively, 104 CD8+

cells ⁄well were cultured in flat-bottomed microwell plates
previously coated overnight with anti-CD3 (OKT3,
10 lg ⁄ml, Cilag AG, Schaffhausen, Switzerland) for

10 days. All cultures were supplemented with 50 U ⁄ml
human recombinant interleukin-2 (IL-2) (R&D Systems
Abingdon, UK). Cells were fed every 4 days with 0Æ5 vol-

umes of tissue culture medium supplemented with IL-2.
Flow cytometry was performed throughout the culture
period for CD57 marker as previously described.15 In initial

experiments, cells cultured with AF were analysed by
fluorescence-activated cell sorting (FACS) into CD57+ and
CD57– fractions for differential display analysis.

Cloning and probe labelling
The sequence of purified differentially expressed DNA band
from DDRT–PCR was submitted for sequence homology
searching using basic local alignment search tool16 and

cloned using pGEM-T Easy, as described by the manu-
facturer (Promega, Southampton, UK). Cloned a NAC was
used to generate [a-32P] dCTP (Amersham, Amersham,

UK) labelled probes using a random DNA labelling system
(Amersham) and was purified by NICK column (Amer-
sham).

Northern blot
CD8+ T cells cultured with AF were used to conduct

Northern blot as described in standard protocols.17 After
day 14 of culture, isolated total RNA from FACS-sorted
cells (CD8+ CD57+ and CD8+ CD57–) was resolved by

1% agarose ⁄formaldehyde gel electrophoresis and trans-
ferred to nitrocellulose membrane (Amersham) overnight.
The membrane was then baked for 2 hr at 80�. The filter

was soaked for 4 h in prehybridization buffer and hybrid-
ized with 400 ll of labelled cloned probe of a NAC in the
same hybridisation buffer for 18 h at 42�. The blot was
washed in 2· standard sodium citrate (SSC), 0Æ1% sodium

dodecyl sulphate (SDS, BDH, Poole, UK) at room tem-
perature, twice for 15 min in 0Æ1 · SSC, 0Æ1% SDS at 45�
and exposed to Kodak X-ray hyper films (Amersham) with

intensifying screen at )70� overnight. To monitor the
quality and the quantity of the RNAs loaded, the filter was
re-hybridised with labelled cloned probe for glyceralde-

hyde-2-phosphate dehydrogenase (GAPDH).

Western blot

Western immunoblot was performed as previously des-
cribed.18 Equal cell numbers (106 per lane) were boiled for
5 min in lysis buffer consisting 2% (w ⁄v) SDS and 5% (v ⁄v)
mercaptoethanol and separated by a 10% SDS–polyacryl-
amide gel electrophoresis (PAGE) gel at 25 mA. Proteins
were blotted onto immobilon membrane (Millipore, Mols-

heim, France) for 4 hr at 250 mA and probed overnight at
4� with rabbit polyclonal antisera against a NAC (final
dilution, 1 : 1000, kind gift from Dr St. Arnuad-Canada).
The membrane was incubated with a goat anti-rabbit

immunoglobulin G peroxidase for 2 hr (final dilution,
1 : 1000). The blot was developed after 2 hr using chemi-
luminescent substrate (Kirlegaard and Perry, Gaithersburg,

MD) and Kodak X-OMAT S film (Xograph, Tetbury, UK).

Oligonucleotide synthesis

Three partially modified phosphorothioate oligodeoxy-
nucleotide (PS-ODN, 20-mer) were synthesized by a
standard phosphoramidite method, using an ABI 394 DNA

synthesizer (Sigma Genosys). Two oligonucleotides were
used as negative controls; Sense PS-ODN has 100% similar
sequence to a NAC mRNA at position 301–320

(T*A*G*A*G*TCACTATCCG*G*A*A*A*T) and Non-
sense PS-ODN scrambled sequence (C*G*A*A*T*
CTCGCGTCAA*T*G*G*C*A). Antisenses anti-cap

(T*G*T*G*C*AGGGAACGCG*G*A*A*C*C) was
designed to hybridize at position 23–4 to human a NAC
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mRNA (GenBank, X80909). BLAST searches confirmed
the oligonucleotide sequences lacked sequence homology to
any other known human genes.

Preparation of lipofectin–oligonucleotide mix
The optimal intracellular uptake of oligonucleotides has

previously been observed to occur at a neutral or slightly
positive (1Æ3 positive to negative molar ratio) net charge of
lipofectin-oligonucleotide complexes.19 The oligonucleo-
tide–lipofectin mix was prepared in a 10-fold dilution in

100 ll of distilled water as follows: 30 ll of lipofectin
(30 lg ⁄ml) and 1 lm oligonucleotide (final concentration).
The solution was incubated for 30 min at room tempera-

ture before use.

3H-thymidine incorporation assay
Freshly purified CD8+ cells were cultured with AF or with
anti-CD3 in the presence of antisense oligonucleotides.
Cells were pulsed with 3H-thymidine (1 lCi ⁄well, Amer-

sham) over the last 18 hr of culture. Labelled cells were
harvested on glass fibre filters and covered with a melt-on
scintillator sheet. Incorporated thymidine was reported as

triplicate counts per minute (c.p.m.) by scintillation
counting (Wallac, Turku, Finland).

RESULTS

Patterns of CD8
+
growth with AF and anti-CD3 stimulation

Two conditions for in vitro culturing of CD8+ cells were
established: coculturing with AF and activation with anti-
CD3. Cells grown under these conditions were shown to

have different kinetics of proliferation and expression of
CD57. The absolute CD8+ cell number and CD57
expression following either coculture with AF or stimula-

tion with anti-CD3 (Fig. 1). The majority of cells (over
80%) cultured with AF expressed CD57 by day 14 fol-
lowing a period of expansion from day 4 to day 10

(Fig. 1a). In contrast, less than 20% of cells stimulated with
anti-CD3 expressed CD57 (Fig. 1b). The maximum
absolute cell number following AF coculture and anti-CD3
stimulation was 4Æ5 and 5Æ8 · 105 ⁄ml at day 14 and 7,

respectively. Initially, cells cultured with AF were FACS
sorted into CD57+ and CD57– fractions for differential
display analysis. Flow cytometry confirmed that the purity

of these cells was >95%.

Analysis of a NAC mRNA expression

The differential expression pattern of mRNA from the
DDRT-PCR was confirmed by Northern blot using a
radiolabelled probe of cloned a NAC. It was shown that a

band at 0Æ8-kb was expressed at a higher level in CD57–

cells than in the CD57+ population (Fig. 2i) Re-probing
the original filter with a radiolabelled probe of cloned

GAPDH confirmed RNA integrity and quantity (Fig. 2ii).

Expression pattern of a NAC protein analysis

Western blotting analysis revealed a distinct difference in the

pattern of a NAC protein expression, which was dependent
on how the cells were cultured (Fig. 3ai, bi and c). Fig-
ure 3(ai and bi) shows that the expression level of a NAC

protein diminishes over the culture period in both popula-
tions. Reprobing the membrane with a tubulin monoclonal
antibody (mAb) and densitometric scanning showed that

equivalent cell numbers were used and the reduction of a
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Figure 1. Expression pattern of CD57 antigen on CD8+ T cells.Purified human CD8+ T cells (1 · 105 ⁄ml, 98% purity) were

expandedwith IL-2 (50 U ⁄ml) in the presence of either AF (5 · 105 ⁄ml, a) or in precoated wells with anti-CD3 (10 lg ⁄ml, b). At

each time point, 50 ll of tissue culture was collected and the absolute CD8+ cell number and the expression level of CD57 on

CD8+Tcellswas flowcytometrically determined.Data aremeansof 5 separate experiments and the vertical bars represent±SD.

0.8-kb α NAC

GAPDH

a b

(i)

(ii)

Figure 2. Analysis and confirmation of DDRT–PCR.Equal con-

centrations of the total RNA were prepared from FACS sorted

CD8+ CD57– (lane a) and CD8+ CD57+ cells (lane b) after

coculture with AF. The blot was probed with cloned a NAC (i) and

reprobed with labelled cloned GAPDH to monitor the quantity

and the integrity of loaded RNA (ii).
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NAC protein expression throughout the culture was not
caused by variation in cell numbers (Fig. 3aii and bii). In
contrast, cells stimulated with anti-CD3 showed increased
amounts of the phosphorylated form of a-NAC protein up

to day 2, after which a NAC reverted to the unphosphor-
ylated form (Fig. 3c). Treatment with alkaline phosphatase
confirmed that the difference in molecular weight resulted

from the phosphorylation process (data not shown). Fur-
ther investigations were performed to confirm that the
expression pattern of a NAC protein was specific for CD8+

T cells cultured with either condition. Immunoblotting as-
says using T-cell (Jurkat cells) and B-cell lines (transformed
with Epstein–Barr virus) cultured for 21 days revealed that

a NAC protein expression was at a steady level with no
evidence for reversion to the unphosphorylated form after
prolonged culturing (Fig. 3d).

Investigation of the biological functions of a-NAC protein

in human CD8+ T cells using antisense technology

All the following experiments were performed using

CD8+ T cells cultured with AF or with anti-CD3 for

14 and 7 days, respectively, in the presence of various
PS-ODNs.

Inhibition of a NAC protein

Recently, we have optimized the conditions affecting the
functional efficacy of PS-ODNs.20 In this study, anti-cap
PS-ODN partially phosphorothioate modified antisense

was used to investigate the biological functions of the 0Æ8-
kb a NAC gene in human CD8+ T cells as it showed
optimal inhibition of the a NAC protein.20 CD8+ T cells in

each of the two culture conditions were treated with
different PS-ODNs. The two blots were densiometrically
scanned to quantify the percentage inhibition of a NAC

protein expression. The expression level was standardized
by comparison to cells treated with the nonsense PS-ODNs
(100%). Figure 4(ai and bi) shows that the percentage of
protein inhibition in the cells cultured with AF or with anti-

CD3 was 75 and 70%, respectively. Reprobing the mem-
branes with a tubulin mAb (Fig. 4aii and bii) confirmed
that the reduction in protein level was the result of a specific

inhibitory effect of anti-cap PS-ODN.
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Figure 3.Expression patternsof aNACprotein.Expression of aNACprotein inCD8+cells cultured eitherwithAF (a, b) orwith

anti-CD3 (c). At the indicated time points, cells were either FACS sorted intoCD8+ CD57+ andCD8+ CD57– cell populations

(ai and bi) or harvested without sorting (c). Cell lysates were resolved on 10% SDS–PAGE. The membrane was probed with

polyclonal anti-rabbit against a NAC protein. Densitometry scanning of a tubulin level in the FACS sorted CD8+ CD57+ and

CD8+ CD57– cell (aii and bii). Expression of a NAC protein was also investigated in T- and B-cell lines (d).
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Figure 4. Inhibition of a NAC protein in CD8+ T cells. Expression of a NAC protein in CD8+ T cells cultured with AF (a) or

anti-CD3 (b) in the presence of various PS-ODNs at day 14 and 10, respectively. Western blotting was performed as detailed

in Fig. 3.
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Quantification of cellular total protein in the

CD8+ T cells treated with PS-ODNs

In order to examine whether the inhibition of a NAC
protein affected the heterodimeric NAC protein func-
tion21,22 the total cellular protein concentration of the cells

treated with different PS-ODN was quantified. Figure 5(a)
shows a significant reduction (P< 0Æ05) in the total cellular
protein concentrations in the presence of anti-cap PS-ODN
in both culture conditions when compared with protein

concentration in the cells treated with non-sense and sense
PS-ODN. The total protein concentration was found to be
reduced to more than 50% of the negative control levels,

irrespective of culture condition (Fig. 5a).

Effect of a NAC protein inhibition on proliferation

of CD8
+
T cells

The effect of a NAC protein inhibition on the proliferation
of CD8+ cells was investigated following the observation

that, as the proliferation rates increased the expression level
of a NAC protein decreased or reverted into the inactive
unphosphorylated form in both culture systems. In order to
examine this, the absolute cell numbers were determined

under each culture condition (Fig. 5b). At the indicated
time points, the total cell count of 50 ll aliquots of the
culture was established using flow cytometry. Absolute cell

numbers increased by 76% and 52% (P< 0Æ05) in CD8+

cells cultured with AF or with anti-CD3, respectively, in the
presence of anticap PS-ODNs (Fig. 5b). Cells treated with

sense PS-ODN showed only marginal increases in cell
number relative to the nonsense treated cells. This data was
further confirmed by the thymidine incorporation assay,
where results were expressed as a percentage of the mean of

triplicate c.p.m. (Fig. 5c). The proliferative responses of the
cells treated with non-sense PS-ODNs were considered to
be a reference against which the remaining treated cells was

compared. The proliferation of cells cultured with AF or
with anti-CD3 in the presence of anti-cap PS-ODN was
enhanced by 65±8% and 41±7% (P< 0Æ05), respect-

ively. However, sense PS-ODNs did not show any signifi-
cant effect in either culture systems (Fig. 5c).

Effect of a NAC protein inhibition on immunophenotype

of CD8+ T cells

The expression level of the phosphorylated form of a NAC
protein in CD8+ cells cocultured with AF was maximal at

day 7 (differentiation and expansion phase) and gradually
diminished over the culture time. In contrast, this protein
reverted from the phosphorylated form into unphosphor-

ylated form at day 4 (expansion phase) of culture time in
CD8+ cells stimulated with anti-CD3. This prompted us to
investigate the effect of a NAC protein inhibition on the

CD8+ T-cell immunophenotype in both culture conditions.
Inhibition of the a NAC protein had no discernible effect on
the immunophenotypic profile of CD8+ T cells (CD45RA,

CD45RO and CD57, data not shown). However, significant
increases in the percentage of CD8+ cells coexpressing
CD25 (P < 0Æ05) were observed irrespective of the culturing
conditions (Fig. 5d). Cells treated with anti-cap PS-ODNs

in the presence of AF showed significant increases in the
percentage of cells expressing CD25 (59Æ3 ± 2Æ1%,
P < 0Æ05). The percentage of positive cells incubated with

non-sense and sense PS-ODNs were 37Æ3 ± 5Æ7% and

2500

2000

1500

1000

500

0

300

250

200

150

100

50

0

200
180
160
140
120
100
80
60
40
20
0

120

100

80

60

40

20

0

Non-sense

Non-sense

Non-sense

Non-sense

Sense

Sense

Sense

Sense

Anti-cap

Anti-cap

Anti-cap

Anti-cap

Oligonucleotides

Oligonucleotides

Oligonucleotides

Oligonucleotides

AF

AF

AF

AF

Anti-CD3

Anti-CD3

Anti-CD3

Anti-CD3

T
ot

al
 p

ro
te

in
 c

on
ce

nt
ra

tio
n 

(m
g)

T
ot

al
 e

ve
nt

s 
×

 1
00

/5
0 

µl
c.

p.
m

 (
%

)
P

er
ce

nt
ag

e 
of

 C
D

8+
 c

el
ls

co
ex

pr
es

si
ng

 C
D

25

(a)

(b)

(c)

(d)

Figure 5. Effect of a NAC protein inhibition on CD8+ T-cell

biology. Total cellular protein concentration (a), total cell count

(b), the proliferative response (c) and CD8+ cells coexpressing

CD25 (d) were determined following a NAC protein inhibition in

the CD8+ T cells cultured under the conditions detailed in (Fig. 1a

and b) and in the presence of various PS-ODNs. Data are the mean

of three separate experiments ± SD in triplicate.
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36 ± 3Æ1%. In CD8+ T cells cultured with anti-CD3, the
percentage of positive cells bearing CD25 antigen in the
presence of anti-cap PS-ODNs was 95Æ4 ± 2Æ3%. These
were all significant increases (P < 0Æ05) compared to cells

treated with non-sense PS-ODNs, which showed a lower
percentage of CD25 positive cells (76 ± 5Æ6%).

DISCUSSION

In the present study, two in vitro expansion models of
human CD8+ T-cell differentiation and proliferation were

established to enable us to determine novel genes involved
in these events.

CD8+ T cells were expanded in the presence of AF and

sorted into CD57+ and CD57– subsets. DDRT–PCR was
then performed to compare gene expression in these sub-
sets. The rationale for using this culture system was that the
expression pattern of CD57 in cells stimulated with anti-

CD3 was stable throughout the culture time whereas it
dramatically changed in the population cultured with AF.

Interestingly, two different kinetics of proliferation of

CD8+ T cells and expression pattern of CD57 were
observed between these settings (Fig. 1a, b). It has been
reported that the response of the T cell varies with the nature

of stimulus used (signalling pathway) resulting in activation
of distinct transcriptional factors.23–26 This may explain the
variations in the expression pattern of CD57 and prolifer-
ation kinetics of CD8+ T cells between the two culturing

systems. To confirm the DDRT–PCR results, Northern blot
was performed at the same time point at which the DDRT–
PCR was conducted where the maximum proliferation and

differentiation was determined (day 14, Fig. 1a).
At the protein level, a NAC protein did not confirm the

result of DDRT–PCR. However, its protein level was

dramatically down regulated over the culture period in both
cell populations (Fig. 3ai and bi). This result prompted a
study of the expression pattern of a NAC protein in the

second culture system (CD3 activation), because the two
culture systems have different proliferation kinetics of
CD8+ T cells and different expression patterns of CD57.
Surprisingly, two different expression patterns of a NAC

protein were obtained from the two culture conditions
(Fig. 3ai, bi and c). In the presence of AF this was not
possible, as we were unable to sort enough cells at day 0

and 4 to be used in a Western blot (because of limited cell
numbers in the culture, Fig. 3a). The a NAC protein was
maximally expressed at day 7 and then declined until day 21

in both populations (Fig. 3a). Thus, combining the prolif-
eration and differentiation pattern of CD8+ T cells cultured
with AF (Fig. 1a) with the expression pattern of a NAC

protein (Fig. 3a), it was observed that once the cells start to
differentiate and proliferate the expression level of this
protein began to diminish. This may suggest that a NAC
protein plays a role in CD8+ T-cell development. These

observations were supported by the expression pattern of a
NAC protein in CD8+ T cells cultured with anti-CD3.
When the cells started to differentiate and to increase in

number (Fig. 1b), this protein reverted from its active
phosphorylated form to the inactive unphosphorylated

form (Fig. 3c). The expression of a NAC protein was stable
in tested cell lines and neither decreased nor reverted
throughout the culture period (Fig. 3d), confirming the
specific expression pattern of this protein in CD8+ T cells.

We hypothesized that the a NAC protein could play a
role in CD8+ T cell differentiation and proliferation. To
test this possibility, antisense oligos were used to block a
NAC expression. By including the non-sense and sense
PS-ODNs as negative controls and reprobing the two
membranes with a tubulin mAB, it was demonstrated that

antisense PS-ODNs specifically inhibit the expression of a
NAC protein (Fig. 4aii and 4bii).

Previous studies have reported that the NAC hetero-

dimeric complex protein (b NAC and a NAC) plays a
crucial role in protein export from cells.21,22 In order to
examine whether the inhibition of a NAC protein affected
the heterodimeric NAC protein function, total cellular

protein was investigated. Figure 5(a) shows a low level of
the total protein concentration in the presence of anti-cap
PS-ODN, irrespective of the culture conditions. This could

be explained by the fact that inhibition of a NAC protein
may block the NAC heterodimeric complex function.
As a consequence, cellular proteins are secreted from

cells, leading to a reduction in the total cellular protein
concentration.

The inhibitory effect of a NAC protein on the prolifer-
ation ofCD8+Tcells expandedunder two culture conditions

was then examined. Cells treated with anti-cap PS-ODNs
showed increased proliferative responses compared to neg-
ative controls irrespective of the culture condition (Fig. 5c).

The increased absolute cell number in the cells treated with
antisense PS-ODNs in both culture systems (Fig. 5b) con-
firmed these results. This supports the suggestion that aNAC

protein is an antiproliferative molecule.
Finally, the effect of a NAC protein inhibition on the

immunophenotypic profile of CD8+ T cells was examined.

It was shown that, with the exception of CD25, a NAC
inhibition had no significant effect on the phenotype of
CD8+ T cells. Cells treated with anti-cap PS-ODNs showed
a significant increase in the percentage of cells expressing

CD25 irrespective of the culture systems. This result is
consistent with previous results in which high proliferative
responses and cell numbers were observed in cultures

treated with anti-cap PS-ODNs. Considering that CD25 is
a component of the IL-2 receptor (IL-2Ra), which plays a
central role in T-cell proliferation,27,28 it is suggested that

inhibition of a NAC protein expression leading to up
regulation of the expression of CD25 subsequently results
in increased proliferation. Based on the function of a NAC
protein as transcriptional coactivator, there are several

hypotheses to explain the increased proliferation in
response to a NAC protein suppression. One is that a NAC
protein binds directly to an element within the CD25

enhancer and ⁄or interacts with positive factors that bind to
this element. A second hypothesis is a NAC repress the
expression of a key positive regulator of CD25. A third

scenario is a NAC protein induces the expression of
repressor that in turn inhibits the IL-2Ra expression.
Another possible mechanism for a NAC action is suggested
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by a recent report showing that the a NAC protein is a
cellular inhibitor of the Fas-associated death-domain-con-
taining (FADD) protein,29 which is required for T-cell
proliferation in murine models.30

The differences in the suppression levels of a NAC pro-
tein expression (Fig. 4a, b) may explain the variations in the
effect of a NAC inhibition on CD8+ T cells in our results.

In conclusion, our findings indicate that a NAC func-
tions as an antiproliferative molecule in ex vivo expanded
CD8+ T cells but has no discernible effect on their differ-

entiation. However, future work will be necessary to
determine the molecular mechanisms by which a NAC
influences cell proliferation.
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