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Summary

 

Human immunodeficiency virus (HIV) codes for a protein, Rev, that mediates
the viral RNA export from the nucleus to the cytoplasm. Recently, it has been
found that Sam68, the substrate of Src associated in mitosis, is a functional
homologue of Rev, and a synergistic activator of Rev activity. Thus, it has been
suggested that Sam68 may play an important role in the post-transcriptional
regulation of HIV. Sam68 contains an RNA binding motif named KH [homol-
ogy to the nuclear ribonucleoprotein (hnRNP) K]. Tyrosine phosphorylation
of Sam68 and binding to SH3 domains have been found to negatively regulate
its RNA binding capacity. Besides, tyrosine phosphorylation of Sam68 allows
the formation of signalling complexes with other proteins containing SH2 and
SH3 domains, suggesting a role in signal transduction of different systems in
human lymphocytes, such as the T cell receptor, and leptin receptor, or the
insulin receptor in other cell types. In the present work, we have found that
Sam68 is tyrosine phosphorylated in peripheral blood mononuclear cells
(PBMC) from HIV infected subjects, leading to the formation of signalling
complexes with p85 the regulatory subunit of PI3K, GAP and STAT-3, and
decreasing its RNA binding capacity. In contrast, PBMC from HIV infected
subjects have lower expression levels of Sam68 compared with controls. These
results suggest that Sam68 may play some role in the immune function of lym-
phocytes in HIV infection.
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Introduction

 

Complex retroviruses such as the human immunodeficiency
virus (HIV) have a common strategy for the transport of
viral RNA, both the messenger and the intron-containing
genomic RNA, from the nucleus to the cytoplasm [1]. HIV
codes for a protein, Rev, which contain a leucine-rich,
nuclear export sequence (NES) and binds to a viral response
element (RRE) and the nuclear export receptor CRM1, func-
tioning as an adaptor between the viral RNA and the export
machinery [2,3]. Rev is synthesized from processed RNA and
is localized in the nucleus because of the nuclear localization
signal, which interact with the import receptor, importin 

 

b

 

[4]. In the nucleus, Rev interact with unspliced viral mRNAs
to induce the sequence-specific nuclear export. The transla-
tion of the viral transcrpits results in the production of struc-
tural and accessory proteins. Rev is therefore acting as a

regulator of the switch from the early to the late viral gene
expression.

Recently, it has been found that Sam68, the substrate of
Src associated in mitosis [5,6], is a functional homologue of
Rev, and a synergistic activator of Rev activity [7]. Moreover,
deletion of Sam68 C-terminal part, or single mutation in the
nuclear localization domain of Sam68, produce a dominant
negative  mutant,  which  may  inhibit  Rev  activity  and
even  HIV  replication  [7,8].  Thus,  it  has  been  suggested
that Sam68 may play an important role in the post-
transcriptional regulation of retroviruses, including HIV [9].

Sam68 contains an RNA binding motif named KH
because of its homology to the nuclear ribonucleoprotein
(hnRNP) K, within a larger conserved domain called GSG or
STAR, which may mediate protein localization and cell cycle
progression [9,10]. Sam68 also contains a region similar to
RGG (a domain with various Arg-Gly-Gly motives). Both
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KH domain and RGG box mediates Sam68 binding to RNA.
Besides, Sam68 may bind single strand nucleic acids and
polymeric RNA 

 

in vitro

 

. A splice variant lacking the KH
domain has a lower capacity to bind RNA and may antago-
nize cell cycle [11]. In addition, tyrosine phosphorylation of
Sam68 by p59fyn or BRK/sik and binding to SH3 domains
may negatively regulate its nucleic acid binding capacity
[10,12,13]. Tyrosine phosphorylated Sam68 also leads to the
interaction with SH2 domain-containing proteins [5,14],
including kinases of the Src family [5,6,13,15], Sik/BRK [12],
as well as the kinases of the Itk/Tec family [16,17]. Moreover,
tyrosine phosphorylated Sam68 can also interact with SH2
containing adaptor proteins and signalling enzymes such as
Grb2 [18,19], Grap [19], Nck [20], PLC

 

g

 

-1 [18], Ras-GAP
[18,21,22] and p85

 

a

 

-PI3K [15,23].
Sam68 also has six proline-rich motifs, which can interact

with the SH3 domains of Src [5,6,24], and other kinases of
this family, such as Sik or BRK [12], p59fyn [18] or Itk/Tec/
BTK [16,17]. This interaction of Sam68 with SH3 domains
enables these kinases to tyrosine phosphorylate the substrate
[18,24]. Sam68 can also interact with SH3 domains of vari-
ous signalling enzymes and adaptor proteins. Thus, Sam68
has been found to bind the SH3 domains of p85 PI3K [15],
PLC-

 

g

 

-1 [18,25], protein arginine methyltransferase
(PRMT) [26], Grb-2, Grap [19] and Nck [20]. The presence
of these consensus sequences to interact with different
domains allows this protein to participate in signal transduc-
tion pathways triggered by tyrosine kinases. Thus, Sam68
participate in the signalling of T cell receptors (TCR), being
tyrosine phosphorylated and recruited to specific signalling
complexes [27–29].

Recently, we have found that leptin stimulation of
peripheral blood mononuclear cells (PBMC) induces the
tyrosine phosphorylation of Sam68, promoting the associa-
tion with p85, the regulatory subunit of PI3K. Moreover,
leptin also increased the association of tyrosine phosphory-
lated Sam68 with tyrosine phosphorylated STAT-3, which
then translocate from the cytoplasm to the nucleus, whereas
the RNA binding activity of tyrosine phosphorylated Sam68
was decreased [30–32]. Thus, leptin seems to play a role in
the activation of lymphocytes [32]. In this context, we have
found that leptin receptor is overexpressed in PBMC from
HIV infected subjects and tyrosine phosphorylated in a
similar way to the 

 

in vitro

 

 stimulation with PHA or ConA
[33], suggesting a possible role of leptin in the activation of
lymphocytes in HIV infection. Because we had previously
found the participation of Sam68 in leptin receptor signal-
ling of PBMC [32,34], which is overexpressed in HIV
patients [34], and Sam68 has been also found to be
recruited to the TCR signalling, which is activated in HIV
infection [35], we sought to study the Sam68 signalling in
the PBMC from HIV infected subjects, by studying the
tyrosine phosphorylation of Sam68, the formation of sig-
nalling complexes, the RNA binding activity and the expres-
sion level of Sam68.

 

Materials and methods

 

Materials

 

Antibodies against Sam68, STAT-3 and GAP were purchased
from Santa Cruz (Santa Cruz, CA, USA). Antibody against
p85-PI3K was from Upstate Biotechnology (Lake Placid, NY,
USA). Monoclonal antibodies to phosphotyrosine (

 

a

 

-PY)
were purchased from Transduction Laboratories (Lexington,
KY, USA).

 

Patients

 

HIV infected patients were from the Internal Medicine
Department (AIDS Unit) and were selected by their similar
clinical characteristics, low viral load and intermediate num-
ber of CD4

 

+

 

 T cells (between 200 and 600 per microlitre).
Clinical characteristics of subjects are shown in Table 1.
Informed consent was obtained from the patients and the
studies had the approval from the ethical committee of the
Virgen Macarena University Hospital.

 

Cell preparation and culture

 

PBMC obtained from normal donors and HIV infected
patients  were  isolated  from  heparinized  venous  blood
by density-gradient sedimentation over Ficoll-Hypaque
(Seromed Biochrom KG, Berlin, Germany), as described
previously [36,37]. Cells were then washed twice in phos-
phate buffered saline (PBS) and solubilized for 30 min at 4

 

∞

 

C
in  lysis  buffer  containing  20 m

 

M

 

 Tris,  pH 8,  1%  nonidet
P-40, 137 mM NaCl, 1 m

 

M

 

 MgCl

 

2

 

, 1 m

 

M

 

 CaCl

 

2

 

, 1 m

 

M

 

dithiothreitol (DTT), 10% glycerol, 1 m

 

M

 

 phenylmethyl-
sulphonyl fluoride and 0·4 m

 

M

 

 sodium orthovanadate
[21,23,30,31]. After centrifugation, protein concentration

 

Table 1.

 

Clinical features of HIV infected patients.

Age (mean) 30

Years since diagnosis (median) 7

Male/female gender 7/4

Risk category

Parenteral drug users 4

Homosexual men 2

Heterosexual contact 4

AIDS 4

Highly active antiretroviral therapy 7

Protease inhibitor 2

Non-nucleoside transcriptase inhibitor 5

Undetectable viral load (

 

<

 

 50 copies/ml) 6

Viral load log* (median, range) 5·2

CD

 

4

 

 cell count/mm

 

3

 

 (median) 408

Co-infection

HCV 5

HBV 0

*In those with detectable viral load.
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was determined by a kit from Bio-Rad (Richmond, CA,
USA), using bovine serum albumin as a standard.

 

Immunoprecipitation and Western blotting analysis

 

Soluble cellular lystes (0·5 mg of protein) were precleared
with 50 ml of protein A-Sepharose (Pharmacia, Uppsala,
Sweden) for 2 h at 4

 

∞

 

C by end-over-end rotation. The pre-
cleared cellular lysates were incubated with appropriate anti-
bodies for 2 h at 4

 

∞

 

C [21,23,30,31]. Next,  50 

 

m

 

l  of protein
A-Sepharose was added to immunocomplexes and incuba-
tion was continued for 1 h at 4

 

∞

 

C. The immunoprecipitates
were washed three times with lysis buffer and 40 

 

m

 

l of
sodium dodecyl sulphate (SDS)-stop buffer containing
100 mmol/l DTT added. The immunoprecipitates samples
were boiled for 5 min and the resultant products resolved by
sodium dodecyl sulphate-polyacrylamide gel electrophoresis
(SDS-PAGE) and transferred electrophoretically onto nitro-
cellulose membranes. The blots were then analysed with the
appropriate antibody as previously described [21,23,30,31]
using a high sensitive chemiluminescence system (SuperSig-
nal, Pierce, Rockford, IL, USA). The bands obtained were
scanned and analysed by the 

 

pcbas

 

 2·0 program. Student’s 

 

t

 

-
test was used for comparisons, with differences being con-
sidered significant at 

 

P

 

 

 

<

 

 0·05.

 

Sam68 mRNA detection by reverse transcription-
polymerase chain reaction (RT-PCR) and protein 
detection by specific immunoblot

 

Total RNA from PBMC (1 

 

¥

 

 10

 

6

 

 cells) was extracted using
the QuickPrep Total RNA extraction kit (Amersham Phar-
macia Biotech, Barcelona, Spain). First-strand cDNA synthe-
sis was performed using an oligo-dT primer (Kit from Roche
Molecular Biochemicals, Barcelona, Spain) and this was then
used for detection of Sam68 mRNA by RT-PCR as described
previously [11]. The sequences of primers and hybridization
probes for Sam68, encompassing nucleotides 511–534 and
1101–1125 of Sam68cDNA located within the KH domain
have been used previously for the detection of Sam68 expres-
sion [11]. 

 

b

 

-actin mRNA expression was used as an internal
control. The PCR products were analysed by 1% agarose gel

with ethidium bromide staining. The bands obtained were
scanned and analysed by the 

 

pcbas

 

 2·0 program [30,31]. Val-
ues are expressed as means 

 

±

 

 s.e.m. Student’s 

 

t

 

-test was used
for comparisons, with differences being considered signifi-
cant at 

 

P

 

 

 

<

 

 0·05.
Cell lysates for Sam68 protein detection was obtained as

described above, denatured in SDS-stop buffer containing
100 mmol/l DTT by boiling for 5 min. Samples were then
analysed by Western blot as described above. The bands
obtained were scanned and analysed by the 

 

pcbas

 

 2·0 pro-
gram. Student’s test was used for comparisons, with differ-
ences being considered significant at 

 

P

 

 

 

<

 

 0·05.

 

Results

 

Sam68 is tyrosine phosphorylated decreasing its RNA 
binding capacity in PBMC from HIV infected subjects

 

It has been shown that Sam68 is tyrosine phosphorylated
after lymphocyte stimulation and then associates with vari-
ous SH2 domain-containing proteins [13,18,27,28]. More
recently, we have found that PBMC from HIV

 

+

 

 patients con-
tain activated leptin receptor, whereas PBMC from control
subjects lack such activation [32]. Moreover, we have found
that Sam68 is tyrosine phosphorylated upon human leptin
stimulation in PBMC human cells [30,34]. On the basis of
these previous data, we sought to check the possible tyrosine
phosphorylation of Sam68 in PBMC from HIV

 

+

 

 patients. We
analysed the phosphorylation of immunoprecipitated
Sam68 proteins by Western blot using antiphosphotyrosine
antibody. Immunoprecipitation was controlled by immuno-
blotting with the same immunoprecipitating antibody. As
shown in Fig. 1a, Sam68 tyrosine phosphorylation is
increased significantly in PBMC from HIV

 

+

 

 patients com-
pared with Sam68 in PBMC from control subjects. As
tyrosine phosphorylation of Sam68 by BRK and leptin sig-
nalling has been shown previously to inhibit RNA binding
activity [12,33], we checked the association of Sam68 of
PBMC from HIV infected subjects to immobilized poly(U).
As shown in Fig. 1b, there is a decreased association of
Sam68 with poly(U) in PBMC from HIV infected subjects
compared with controls. The lower amount of Sam68 from

 

Fig. 1.

 

Sam68 is tyrosine phosphorylated in 

peripheral blood mononuclear cells (PBMC) 

from HIV infected patients, decreasing the RNA 

binding capacity of Sam68. Cells (PBMC) from 

HIV infected and control subjects were homog-

enized in lysis buffer and soluble supernatant 

immunoprecipitated with anti-Sam68 antibodies 

or precipitated with Sepharose-coupled poly(U) 

beads. Immunoprecipitation samples were then 

analysed by immunoblot with antiphosphoty-

rosine or anti-Sam68 antibodies. Representative 

results are shown.
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WB: a-PY
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HIV samples bound to poly(U) shows higher phosphoryla-
tion level than the higher amount of Sam68 associated with
poly(U) in samples from control subjects. Similar results
have been found in activated PBMC 

 

in vitro

 

 [33].

 

Tyrosine phosphorylation of Sam68 in PBMC from HIV 
infected subjects promotes the interaction with 
signalling complexes

 

Because we had found previously that tyrosine phosphory-
lated Sam68 associates with phosphorylated STAT-3 in acti-
vated lymphocytes [30], we next wanted to assess this
association in PBMC from HIV infected subjects. As shown
in Fig. 2, cell lysates from controls and HIV infected subjects
where immunoprecipitated with anti-STAT-3 and anti-
Sam68 antibodies. Immunoblot analysis with antiphospho-
tyrosine antibodies showed the same pattern of bands
(Fig. 2a), i.e. two major bands of 68 and 92 Kda, correspond-
ing to the expected size of Sam68 and STAT-3 [30]. The
immunoprecipitates were also analysed by immunoblot
using anti-Sam68 antibodies, demonstrating the association
of Sam68 to STAT-3 in PBMC from HIV infected subjects
(Fig. 2b). The Western blot with anti-STAT-3 antibodies
showed similar results, confirming the increased association
of both proteins in PBMC from HIV infected subjects
(Fig. 2c).

Tyrosine phosphorylated Sam68 has also been shown to
associate with other SH2 domain containing proteins in dif-

ferent systems [18,20–22], as well as in activated T lympho-
cytes [13]. Therefore, we wanted to assess the physical
association of the phosphorylated Sam68 with the SH2
domain containing proteins p85 PI3K and p120ras-GAP in
PBMC from HIV infected subjects. In fact, the phosphoty-
rosine immunoblot of antip85, anti-GAP and anti-Sam68
showed the corresponding band of phosphorylated Sam68 in
HIV samples (Fig. 3a). The physical association of Sam68
with p85 and GAP was confirmed by Western blot analysis of
the same immunoprecipitates with anti-Sam68 antibodies.
As shown in Fig. 3b, PBMC from HIV infected subjects
showed an increase in the association of Sam68 to p85 PI3K
and GAP compared with control samples. Similar results
were obtained by immunoblotting of the same immunopre-
cipitates with anti-GAP antibodies, showing an increase in
GAP association to the Sam68 and p85 complexes in the
PBMC from HIV infected subjects.

 

Sam68 mRNA and Sam68 protein levels are decreased in 
PBMC from HIV infected subjects

 

Because Sam68 seems to play a role in HIV replication and
transcription [2,4,7,8,38,39], and we have found that Sam68
is tyrosine phosphorylated and recruited to signalling com-
plexes in PBMC from HIV infected patients (Figs 1–3), we
next wanted to study the possible effect of HIV infection in
the expression of Sam68 from PBMC compared to control
samples. We have found that the expression level of Sam68 is

 

Fig. 2.

 

Sam68 is tyrosine phosphorylated in 

peripheral blood mononuclear cells (PBMC) 

from HIV infected patients, mediating the for-

mation of signalling complexes with STAT-3. 

Cells (PBMC) from HIV infected and control 

subjects were homogenized in lysis buffer and 

soluble supernatant immunoprecipitated with 

anti-Sam68 or anti-STAT-3 antibodies. Immuno-

precipitation samples were then analysed by 

immunoblot with antiphosphotyrosine (a), anti-

Sam68 (b) and anti-STAT-3 antibodies (c). Rep-

resentative results are shown. Panels show the 

means 

 

±

 

 s.e.m. of the quantitative data. 

*

 

P

 

 

 

<

 

 0·001 

 

versus

 

 control.
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decreased in PBMC from HIV samples. As shown in Fig. 4a,
PBMC from HIV infected subjects express about half the
mRNA expressed by control subjects. Similar results were
obtained by analysing the amount of Sam68 by specific
immunoblot. As shown in Fig. 4b, the amount of Sam68 in
PBMC from HIV infected subjects was about half the
amount observed in control samples.

 

Discussion

 

Sam68 has been found to be a cellular RNA binding protein
that is able to substitute for the HIV protein Rev in RNA
export function [2,4,7,8], although via different mechanisms
[7]. Besides, Sam68 and other KH containing proteins may
modulate HIV replication by post-transcriptional regulation
[40]. In fact, it has been found that that down-modulation of
constitutive Sam68 expression markedly inhibits HIV-1 pro-
duction [41]. On the other hand, there is growing evidence
of the role of Sam68 in signalling of different systems [9,34].
Thus, binding of the ligands to CD16, CD32, TCR, leptin
receptor and insulin receptor increase the tyrosine phospho-
rylation level of Sam68 [13,23,28,31,42]. In this context, we
have found previously that leptin receptor expression is up-
regulated, and tyrosine phosphorylated in HIV infected
patients, in a similar way to other cytokine receptors [34].
Therefore the tyrosine phosphorylation of Sam68 in HIV

 

+

 

subjects that we have found in the present work was not
striking. Moreover, other groups have found that Sam68 can
be tyrosine phosphorylated by TCR signalling [13,27,28],
which is known to be activated in lymphocytes from HIV
infected patients [35,43]. Thus, our results showing an
increase in the tyrosine phosphorylation level of Sam68 in
PBMC from HIV

 

+

 

 samples should actually be expected.
However, we do not know which tyrosine kinase is respon-
sible for this increased tyrosine phosphorylation level of
Sam68 in these subjects, although possible candidates should
include those reported previously to have Sam68 as a sub-
strate, such as Lck, Fyn [13,28], ZAP-70 [44], or some kinase
downstream of cytokine receptors belonging to the JAK fam-
ily [33,34]. In this context, we have found that leptin stimu-
lation activates JAK-2 and JAK-3, which could mediate the
leptin-stimulated tyrosine phosphorylation of Sam68. More-
over, JAK/STAT pathway has been found previously to be
activated in HIV infection [45].

Tyrosine phosphorylation of Sam68 by the Src family
kinase p59fyn has been shown previously to regulate nega-
tively its association with RNA [46] and poly(U) [47].
Moreover, leptin stimulation of peripheral blood mononu-
clear cells dose-dependently increased tyrosine phosphory-
lation level of Sam68 [31], inhibiting the binding efficiency
of Sam68 to poly(U) [31]. Similarly, we have found that
tyrosine phosphorylated Sam68 has a decreased capacity of

 

Fig. 3.

 

Tyrosine phosphorylation of Sam68 in peripheral blood mononuclear cells (PBMC) from HIV infected patients mediates the formation of 

signalling complexes with p85-PI3K and GAP. Cells were homogenized in lysis buffer and soluble supernatant immunoprecipitated with anti-Sam68, 

anti-GAP or antip85 antibodies. Immunoprecipitation samples were then analysed by immunoblot with antiphosphotyrosine (a), anti-Sam68 (b) and 

anti-GAP (c) antibodies. Representative results are shown. Panels show the means 

 

±

 

 s.e.m. of the quantitative data. *

 

P

 

 

 

<

 

 0·001 

 

versus

 

 control.
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binding to poly(U) in PBMC from HIV infected patients.
The modulation by phosphorylation of the RNA binding
capacity of Sam68 may be involved in the post-transcrip-
tional modulation of RNA. In this way, Sam68 has been
proposed to give means for a rapid pathway to regulate pro-
tein expression by modifying the mRNA stability and/or
mRNA translation. Moreover, Sam68 has been shown to
interact with the splicing-associated factor YT521-B in
nuclear dots and this interaction is regulated by Tyr-
phosphorylation [46]. Thus, Tyr-phosphorylation of Sam68
by leptin stimulation could modulate its association with
the splicing machinery in a similar way to that described for
p59fyn, and in this way it could influence splice site selec-
tion. We do not know, however, the functional significance
of this modification of RNA binding ability of Sam68 in
HIV infection.

The amino acid sequence of Sam68 presents different
domains that mediate the interaction with different signal-
ling proteins. In fact, the modular structure of Sam68 con-
taining protein–protein interaction motifs led to the concept
that consider Sam68 as an adaptor protein with a putative
role in signal transduction [13,18,34]. Thus tyrosine phos-
phorylated Sam68 has been found to interact with the SH2
domains of p85, the regulatory subunit of PI3K [15,23,29].
Thus, we have found recently that tyrosine phosphorylated
Sam68 associates with p85 PI3K upon activation of PBMC
with leptin stimulation [31]. PI3K is involved in TCR and
CD28 signal in T cell activation [48]. In this context, we have
found that tyrosine phosphorylated Sam68 is associated with
p85 PI3K in PBMC from HIV infected subjects. Activation of
TCR has been found previously to promote the formation of

signalling complexes containing tyrosine phosphorylated
Sam68 and p85 PI3K [49]. Therefore, the association of
phosphorylated Sam68 with p85 PI3K that we have found in
PBMC from HIV samples may be explained by the activation
state of T cells. Similarly, tyrosine phosphorylated Sam68 has
also been found to associate with GAP in T cells upon T cell
activation [49]. In fact, it has been shown that Sam68
tyrosine phosphorylated by TCR activation associates with
both PI3K and GAP in T cells [49], in a similar way to the sig-
nalling complexes observed upon lymphocyte activation
with leptin [29–32]. In this way, Sam68 may provide a link
between the PI3K and Ras pathway in the signalling of T cells
in a similar manner to that observed in other systems, such
as the insulin receptor [21,23,29].

Even though Sam68 seems to be recruited to signalling in
activated lymphocytes in HIV infection, we have found that
Sam68 expression in decreased in PBMC from HIV infected
subjects. Thus, mRNA levels of Sam68 as well as protein lev-
els are decreased compared with controls. At this stage, we do
not know whether this effect is due to the HIV infection or
whether it may be caused by the activation of lymphocytes.
More importantly, we do not know what may be the patho-
physiological consequences of this effect in lymphocytes,
although it can be speculated that the proliferation response
of T cells may be compromised as Sam68 is known to have a
role controlling cell proliferation [9,11].

In summary, we have found that Sam68 is tyrosine phos-
phorylated in PBMC from HIV infected subjects, decreasing
the RNA binding capacity of Sam68, decreasing Sam68
mRNA levels, and being recruited to p85 PI3K and p120
GAP, leading to the engagement of PI3K and GAP-Ras

 

Fig. 4.

 

Sam68 expression is decreased in peripheral blood mononuclear cells (PBMC) from HIV infected patients. (a) Total RNA was isolated from 

control and patient PBMC. RNA was retrotranscribed and amplified by reverse transcription-polymerase chain reaction (RT-PCR) using primers that 

amplify KH region. Twenty cycles of PCR allowed the evidence for differences in the RNA levels. 

 

b

 

-actin was amplified as a control of total RNA 

amount. The lower panel shows the means 

 

±

 

 s.e.m. of the quantitative data. *

 

P

 

 

 

<

 

 0·01 

 

versus

 

 control. (b) Cells were homogenized in lysis buffer and 

soluble supernatants were normalized by protein concentration and analysed by Western blot using anti-Sam68 antibodies. Anti-

 

b

 

-actin immunoblot 

was employed to check the general amount of protein in the blots. The lower panel shows the means 

 

±

 

 s.e.m. of the quantitative data. *

 

P

 

 

 

<

 

 0·01 

 

versus

 

 

control.
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signalling pathways. In conclusion, these data suggest that
Sam68 may play a role in the immune function of lympho-
cytes in HIV infection.
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