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Although the introduction of highly active antiretroviral therapy (HAART)
has resulted in a significant decrease of acquired immunodeficiency syn-
drome (AIDS) morbidity and mortality, the prevalence of human immunode-
ficiency virus (HIV)-associated dementia (HAD) has actually risen, due to the
increasing life expectancy of the infected subjects. To date, several aspects of
the HAD pathogenesis remain to be dissected. In particular, the viral-cellular
protein interplay is still under investigation. Given their specific features, two
viral proteins, Tat and Nef, have been mainly hypothesized to play a role in
HIV neuropathology. Here we show that HIV-1 Nef has an effect on the
transcriptional levels of a cellular protein, anaplastic lymphoma kinase
(ALK), that is preferentially expressed in the central and peripheral nervous
system at late embryonic stages. By its overexpression along with Nef, the
authors demonstrate ALK ability to influence, at least in the U87MG
astrocytic glioma cells, the mytogen-activated protein kinase (MAP-K)�
dependent pathway. Moreover, although in the absence of a physical direct
interaction, Nef and ALK activate matrix metalloproteinases (MMPs), which
are likely to contribute to blood-brain barrier (BBB) damage in HAD. Finally,
in the in vitro model of glioblastoma cells adopted, Nef and ALK show similar
effects by increasing different cytochines/chemokines that may be relevant for
HAD pathogenesis. If confirmed in vivo, these data may indicate that, thanks
to its ability to interfere with specific cellular pathways involved in BBB
damage and in central nervous system (CNS) integrity, Nef, along with specific
cellular counterparts, could be one of the viral players implicated in HAD
development. Journal of NeuroVirology (2009) 15, 238�248.
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Introduction

Human immunodeficiency virus (HIV)-1 enters the
brain at an early stage after systemic infection and

resides primarily in macrophages/microglia and
astrocytes (Kaul et al, 2001). HIV-1 entry in the
central nervous system (CNS) determines a local
immune system activation but neurological symp-
toms are usually absent. Moreover, the neuronal
dysfunction present during seroconversion is fre-
quently transient and not lethal. A variety of HIV-
induced lesions of the CNS have been described,
including axonal damage and neuronal loss of
variable severity (Adle-Biassette et al, 1995; An
et al, 1996; Gray et al, 2001; Kitayama et al, 2008).
However, in contrast with other viral encephalites,
HIV-1 is rarely present in neurons and the infection
is not productive (Bagasra et al, 1996; Torres-Muñoz
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et al, 2001; Trillo-Pazos et al, 2003). Thus, the
mechanism behind the neuronal loss is still under
investigation, and because HIV-1 neuronal infection
in HIV-1�associated dementia (HAD) has not been
documented, other mechanisms must be implicated
in the neuropathological damage (Bergonzini et al,
2004; Fischer-Smith and Rappaport, 2005; Gonzales-
Scarano and Martin-Garcia, 2005; Peruzzi et al,
2005). It has been reported that after introduction
of the highly active antiretroviral therapy (HAART),
the annual incidence of HAD started to decrease, but
due to the increased numbers of individuals living
with HIV/AIDS (acquired immunodeficiency syn-
drome), the prevalence of HAD is overall rising
(McArthur, 2004).
The HIV-1 entry in the CNS is probably helped by

the blood-brain barrier (BBB) damage present in
HAD patients. In particular, during HAD, the ex-
pression levels of matrix metalloproteinases (MMPs)
and tissue inhibitors of MMPs (TIMPs) are altered
(Conant et al, 1999; Suryadevara et al, 2003). Indeed,
in HAD patients, high levels of MMPs can be
detected in the cerebrospinal fluid (Sporer et al,
1998; Conant et al, 1999). On the other hand, the
TIMP-1 levels are significantly reduced, thus result-
ing in an impairment of the astrocytes ability to
control the negative effects of MMPs on BBB damage
(Suryadevara et al, 2003). For this reason, cytokines
and chemokines that can control the MMP activa-
tion, such as interleukin-1b (IL-1b) and tumor
necrosis factor-a (TNF-a), may play a crucial role
in HAD pathogenesis (Chakraborti et al, 2003).
Among HIV-1 proteins, Nef has been reported to

induce BBB disruption in the rat model through the
activation of MMPs (Sporer et al, 2004). Nef is a
N-myristoylated accessory protein, expressed early
and abundantly during HIV-1 infection. Nef localizes
at the plasma membrane in infected cells and within
the virion (Fackler et al, 1997; Hanna et al, 2004). Nef,
thanks to the homology to SH3 domain�containing
cellular proteins such as tyrosine kinases, transcrip-
tion factors, and adaptor cellular molecules, affects
different cell signaling pathways (Greenway et al,
2003). In particular, Nef has been shown to interact
with p53 (Greenway et al, 2002), thus decreasing the
half-life of this cellular protein and its DNA-binding
ability. Moreover, binding to the phosphoinositide
3-kinase (PI-3K) (Linnemann et al, 2002) and activa-
tion of the mitogen-activated protein (MAP) kinase
(MAP-K) pathway have been also reported (He et al,
2004). In this way, Nef is likely (i) to promote HIV-1
evasion from the immune system; (ii) to extend the
life span of infected cells through the control of
apoptosis; (iii) to regulate the expression of the key
cellular factors necessary for virus replication;
and (iv) to increase viral infectivity. Furthermore,
Nef is toxic to neurons and glia, thus potentially
contributing to the neuronal damage detected inHAD

(Trillo-Pazos et al, 2000; van Marle et al, 2004).
Persistently HIV-1�infected astrocytes have been
reported to express Nef protein in vivo and in vitro
(Ranki et al, 1995; van Marle et al, 2004). Further-
more, among HIV-1 proteins, Nef is preferentially
expressed in infected astrocytes, which would thus
represent an additional viral reservoir during rapidly
progressive dementia (Ranki et al, 1995).
It has been reported in a large-scale expression

array study in astrocytic cells (Kramer-Hämmerle
et al, 2005) that Nef is able of activating different
cell signaling pathways involved in CNS homeosta-
sis, such as the signal transducer and activator of
transcription 3 (Stat3). Thus, we decided to analyze
different cellular proteins that share with Nef these
transduction pathways. Among them,we focused our
attention on the anaplastic lymphoma kinase (ALK),
which plays a significant role in the brain tissue
homeostasis and development. ALK is a putative
receptor-type tyrosine kinase that is expressed pre-
ferentially in the central and peripheral nervous
systems at late embryonic stages (Iwara et al, 1997;
Morris et al, 1997). ALK plays different roles during
neuronal development, such as cell proliferation,
differentiation, cell survival, and synapse formation
(Pulford et al, 2004). ALKwas originally identified as
an oncogene activated in a subtype of a non-Hodgkin
lymphoma, named anaplastic large cell lymphomas
(ALCLs), characterized by the chromosomal translo-
cation t(2;5) (Morris et al, 1995; Shiota et al, 1994,
1995). In this context, ALK coding sequence is fused
to the 3? end of nucleophosmin (NPM), generating
a fusion gene product, p80NPM-ALK (Morris et al, 1995;
Shiota et al, 1995). ALK is also expressed in other
tumors, such as neuroblastoma (Lamant et al, 2000).
In a model of human neuroblastoma cell line, SK-N-
SH (Souttou et al, 2001; Motegi et al, 2004), ALK has
been shown to transmit both mitogenic and differ-
entiation signals (neurite outgrowth) through the
activation of the MAP-K transduction pathway.
Furthermore, the ALK overexpression induces the
constitutive phosphorylation of Stat-3, both in trans-
fected cells and in human primary ALCL cells (Zamo
et al, 2002). This feature is extremely important in the
CNS because Stat3 is highly expressed in this
compartment and can also control MMP activation
(Tsareva et al, 2007).
In the present work, in order to contribute to the

dissection of HAD pathogenetic mechanisms and
taking into consideration cell signaling transduction
pathways, we intended to analyze whether Nef and
ALK could influence each other’s activities, thus
contributing to the HAD development and/or pro-
gression. Our data show that Nef and ALK have
a synergic effect on MAP-K pathway, which is
important for the regulation of MMP activation
(Wang et al, 2002; Jung et al, 2006) and for main-
taining CNS integrity (Morooka and Nishida, 1998;
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Kaplan and Miller, 2000). Moreover, we show that
Nef and ALK have a cumulative effect in the
modulation of different cytochines/chemokines,
such as the stromal cell�derived factor-1a (SDF-1a)
and the regulated on activation normal t expressed
and secreted (RANTES) molecule, that are altered in
HAD patients (Kelder et al, 1998; Cota et al, 2000),
along with IL-1b and TNF-a, that can control MMP
activation (Chakraborti et al, 2003; Tyor et al, 2003;
Brabers and Nottet, 2006). We also demonstrate that
Nef and ALK do not physically interact, but that
ALK expression could be influenced by Nef, at the
transcriptional level. Overall, our data indicate that,
thanks to its ability to interfere with specific cellular
pathways involved in BBB damage and CNS integ-
rity, Nef could be one of the viral players implicated
in HAD development.

Results

Nef and ALK do not physically interact but ALK
expression is influenced by Nef
It has been previously demonstrated in a large-scale
expression array study performed in astrocytic
cells (Kramer-Hämmerle et al, 2005) that Nef is able
of altering cell signaling pathways involved in CNS
homeostasis, in a way similar to ALK. Hence, to
verify whether Nef and ALK could cross-interfere
on each other common signaling pathways, we
overexpressed the two proteins in U87MG astrocytic
glioma cells. Firstly, we analyzed the subcellular
localization of ALK and Nef using confocal
microscopy. U87MG cells were transfected with
plasmid expressing Nef (pSRa/Nef-HA) and ALK
(pcDNA3.1/ALK-Flag) proteins, fused to hemagglu-
tinin (HA) and Flag epitopes, respectively. As
shown in Figure 1A (panel 3), Nef and ALK
colocalize on the U87MG cell membrane. This
finding is in agreement with data obtained by
expressing the two proteins alone, thus indicating
that they do not interfere with each other’s sub-
cellular localization (Fackler et al, 1997; Morris et al,
1997).
On the other hand, because Nef and ALK coloca-

lize on the U87MG cell surface, we checked whether
they could physically interact. To this aim, we
transfected U87MG cells with the constructs expres-
sing Nef-HA and ALK-Flag and we performed
coimmunoprecipitation assays. However, we were
not able to detect a significant interaction between
the two proteins, in any of the experimental condi-
tions tested (data not shown).
Thus, we asked whether Nef could influence ALK

expression in Nef-transfected cells. Indeed, we were
able to show that, in the presence of Nef, the ALK
transcript levels are enhanced (Figure 1B). This
result seems to suggest that Nef can alter the
expression of cellular proteins involved in the
control of CNS integrity.

Nef and ALK overexpression effect on
MAP-K�dependent signaling pathway
Because our data suggest that Nef can alter ALK
expression and given the ability of Nef and ALK to
use common signal transduction pathways (Souttou
et al, 2001; Zamo et al, 2002; He et al, 2004; Kramer-
Hämmerle et al, 2005), we hypothesized that these
two proteins might interfere with each other’s
function (Figure 2). Moreover, it has been demon-
strated that Nef and ALK are capable of positively
influencing MAP-K phosphorylation (Souttou et al,
2001; He et al, 2004), thus we decided to test the
effect of the combination of these two proteins on
the MAP-K phosphorylation in the U87MG cell line.
To this aim, cells were opportunely transfected
and the presence in the lysates of the MAP-K
phosphorylated forms was investigated by Western
blot analysis (Figure 3A). In parallel, the correct
expression of ALK and Nef in the same samples was
checked by employing antibodies directed against
the Flag and HA epitopes, respectively (Figure 3B
and C). In our in vitro model, although ALK by itself
does not alter MAP-K phosphorylation levels, com-
pared to the control (Figure 3A, lanes 1 and 2), these
are slightly enhanced by Nef expression (Figure 3A,
lane 4) and increased even more when both proteins
are coexpressed (Figure 3A, lane 3). These findings
suggest a possible ALK/Nef cumulative effect on
MAP-K signal transduction pathway in glioblastoma
cells, maybe mediated by the positive effect of Nef
on endogenous ALK transcriptional levels.

Nef and ALK overexpression effect on
gelatinase activation
It is well known that the MMPs are one of the
downstream substrates of MAP-K activity (Wang
et al, 2002; Chakraborti et al, 2003; Jung et al,
2006). Interestingly, MMPs are involved in BBB
damage, which has a relevant role in the HAD
pathogenesis. Thus, because our data show that
MAP-K pathway is altered by Nef and ALK com-
bined overexpression, we analyzed, in this context,
the gelatinase functionality, which is a marker of
MMP activation. To this end, we performed a
zymography assay, in which the gelatinase activity
is visualized by the degradation of specific sub-
strates in a gelatin-containing sodium dedecyl
sulfate�polyacrylamide gel electrophoresis (SDS-
PAGE) gel. As reported in Figure 4A lane 2,
gelatinases resulted active in U87MG cells trans-
fected with pSRa/Nef-HA. In order to verify whether
MMP activation was specific for neural cell lines,
we expressed Nef in the SK-N-SH neuroblastoma
cell line, and in the epithelioid 293Tcell line. In this
context, whereas Nef-mediated gelatinase activity
was still present in SK-N-SH (Figure 4B, lane 4),
in the case of 293T cell line, no difference could
be observed between mock-transfected and
Nef-expressing cells (Figure 4C, lanes 5 and 6,
respectively). Moreover, when U87MG cells were
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transfected with pcDNA3.1/ALK-Flag alone
(Figure 4D, lane 2) or in combination with the
pSRa/Nef-HA plasmid (Figure 4D, lane 3), gelati-
nase activity was clearly visible in both cases, with
a slight cumulative effect when both proteins were
present, as shown by the densitometric analysis
(Figure 4E). Overall, our data indicate that the effect
of Nef and ALK on gelatinase is specific for cells of
CNS origin.

Nef and ALK overexpression effect on cytochine/
chemokine mRNA expression
During chronic inflammation processes, such as
HAD, cytokine and chemokine regulation may play
an important role, by altering MMP activation. Thus,
we investigated the effect of Nef and ALK, alone or in
combination, on the expression levels of IL-1b and
TNF-a. Indeed, both these cytokines are capable of
inducing gelatinase expression (Chakraborti et al,

Figure 1 Nef and ALK expression in U87MG cells. (A) In order to analyze Nef and ALK intracellular localization, immunofluorescence
confocal laser scanning analysis was performed in U87MG cells transfected with pSRa/Nef-HA in combination with pcDNA3.1/ALK-
Flag. Briefly, 48 h post transfection, cells were fixed in paraformaldeyde 4% to assess the cellular localization and incubated with
primary antibodies directed against Flag and HA tags; secondary antibody were FITC and TRITC conjugated, respectively. (1) ALK-Flag
(green), (2) Nef-HA (red), (3) overlay (yellow) of ALK-Flag and Nef-HA. Original magnification 63�. (B) Real-time PCR analysis of ALK
mRNA expression in U87MG cells 24 and 48 h post transfection with pSRa or pSRa/Nef-HA. RNAwas extracted by Trizol. Results are
expressed as fold change calculated with respect to pSRa-transfected cells, after normalization against RNA polymerase II expression
levels. These data are representative of three independent experiments showing similar results.
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2003). Furthermore, we analyzed the mRNA levels of
SDF-1a and RANTES, which are altered in HAD
patients andwhose receptor expression is influenced
by Nef (Kelder et al, 1998; Cota et al, 2000). To this

end, U87MG cells were transfected with plasmids
expressing Nef-HA and/or ALK-Flag. The empty
vector pSRawas employed as a control. Fourty-eight
hours later, the cells were lysed and the total mRNA
was extracted and assayed by a real-time polymerase
chain reaction (PCR) analysis. Our data show that IL-
1b and TNF-a mRNAs were modulated by ALK and
Nef (Figure 5). In general, a cumulative effect on the
total amount of the mRNAs expression was found
whenALK andNefwere expressed in combination. It
isworthy to note that RANTESmRNAdidnot seem to
be up-regulated by Nef, but the cumulative effect due
to the presence of both ALK and Nef was still
observed. By contrast, coexpression of ALK and Nef
did not influence mRNA level of SDF-1a (Figure 5).
Altogether, our data indicate that some of the cyto-
kines/chemokines that are involved in CNS integrity
and HAD pathogenesis are positively influenced by
ALK and Nef expression.

Discussion

HIV-1 enters the brain early after systemic infection,
and resides primarily in macrophages/microglia and
astrocytes. In a subset of patients, CNS HIV-1 infec-
tion evolves into encephalitis during the late stages

Figure 2 Schematic representation of the ALK signal transduction pathway and possible common pathways to Nef.

Figure 3 Effect of Nef and ALK expression on MAP-K phosphor-
ylation. U87MG cells were transfected with either pSRa (lane 1),
pcDNA3.1/ALK-Flag (lane 2), pcDNA3.1/ALK-Flag along with
pSRa/Nef-HA (lane3), or pSRa/Nef-HA (lane 4). Twenty-fourhours
post transfection, 40 mg of whole-cell lysateswere loaded on a SDS-
PAGE gel and a Western blotting analysis against (A) phospho
MAP-Ks, (B) Flag tag to detect ALK expression, (C) HA tag to detect
Nef expression, and (D) GAPDH, as loading control,wasperformed.
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of systemic infection, a status clinically known as
HAD. HAD is characterized by CNS alterations,
and in particular by damage and loss of neuronal
function, as a consequence of molecular mechanisms
that are mainly unknown. The present study was
addressed to contribute to the understanding of HAD
pathogenesis, taking into consideration viral
protein�mediated alteration of cell signaling trans-
duction pathways that are known to be involved in
CNS integrity. In this context, we focused our
attention on the viral protein Nef. Indeed, it has
been reported that Nef is present in the astrocytes of
patients with rapidly progressive HAD (Ranki et al,
1995; van Marle et al, 2004). Furthermore, Nef is
capable of altering the activation of MAP-K (He et al,
2004; Kramer-Hämmerle et al, 2005), MMPs (Sporer
et al, 2004), and Stat3 (Kramer-Hämmerle et al,
2005), which are important for brain tissue home-
ostasis and integrity. These features are shared by
ALK, a protein that may play a role as a direct or
indirect mediator of Nef-induced alterations in the
brain, contributing to HAD pathogenesis. Indeed,
ALK is involved in neuronal differentiation and in
CNS normal development and function (Morris et al,

1997; Pulford et al, 2004), through the modulation of
the MAP-K transduction pathway (Souttou et al,
2001; Motegi et al, 2004). Furthermore, ALK induces
Stat3 phosphorylation (Zamo et al, 2002), which is
important for neuronal regeneration, and can control
MMP expression (Tsareva et al, 2007), as reported for
Nef in a rat model (Sporer et al, 2004).
In order to test the hypothesis that ALK and Nef

could cooperate in HAD pathogenesis, firstly we
selected the U87MG astrocytic glioma cell line as an
in vitro model for our study, then we analyzed a
possible direct interaction between the two proteins.
We demonstrated that although Nef and ALK coloca-
lize at the level of the plasma membrane, they do
not physically interact. However, a possible cross-
interference on each other’s cell signaling transduc-
tion pathways could not be excluded. Indeed, we
were able to show that Nef can alter ALK expression
at the transcriptional level. Because Nef does not
appear to affect the amount of ALK when the protein
is expressed under the human cytomegalovirus inter-
mediate-early (HCMV IE) promoter (pcDNA3.1/ALK-
Flag), it seems likely that the viral protein acts at the
level of ALK natural promoter. In order to clarify

Figure 4 Detection of gelatinase activity by zymography performed on protein extracts from (A) U87MG, (B) SK-N-SH, and (C) 293T
cells, with pSRa (lanes 1, 3, and 5) or a construct expressing an HA-tagged version of Nef (lanes 2, 4, and 6). Forty micrograms of whole-
cell lysates were loaded. (D) The result of a representative zymography assay performed in order to analyze the gelatinase activity in
protein extracts from U87MG cells transfected with either pSRa (lane 1), pcDNA3.1/ALK-Flag (lane 2), pcDNA3.1/ALK-Flag along with
pSRa/Nef-HA (lane 3), or pSRa/Nef-HA (lane 4). Forty micrograms of whole-cell lysates were loaded. (E) Densitometric analysis of three
independent zymography assays. The mean of the fold of increase with respect to the pSRa-transfected cells are reported along with the
relative standard deviations.
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whether Nef could have a role in HAD pathogenesis
and whether this phenomenon could be mediated by
ALK, we focused our attention on signaling pathway
that control the CNS integrity. Firstly, we analyzed
the level of MAP-K phosphorylation in Nef- and/or
ALK-expressing U87MG cells. A clear effect on this
respect was observed in cells overexpressing both
proteins. This finding is interesting in that MAP-K
phosphorylation can modulate MMP activity, which
is related to the BBB damage. Indeed, by zymography
assay, we demonstrated a direct effect of ALK andNef
on gelatinase activation (Figure 4D, lanes 2 and 4
respectively), which is slightly enhanced when both
proteins are present (Figure 4E). Furthermore, the
Nef-mediated gelatinase induction is present also in
the neuroblastoma SK-N-SH cell line, whereas it is
absent in epithelioid cells, such as the 293T cells.
This finding seems to suggest that Nef-related effect
on gelatinase activity may be specific for neural cells.
It is worthy to note that 293T cells do not express
endogenous ALK (data not shown). Thus Nef, by
modulating specific cellular proteins such as ALK,
could influence important signaling pathways in
neural cells. Indeed, the ability of ALK to activate
Stat3 has been previously reported (Zamo et al, 2002)
and it has been suggested that this effect could
mediate gelatinase activation (Tsareva et al, 2007).
Noteworthy, this feature is detectable in vivo only
when ALK is overexpressed, for example in anaplas-
tic large cell lymphoma (ALCL). In fact, it has been

shown that in the latter context, ALK’s fine mechan-
ism of transcriptional regulation is lost due to the
chromosomal translocation t(2;5), which generates a
fusion gene product between ALK and nucleophos-
min (NPM) (Morris et al, 1995; Shiota et al, 1995;
Pulford et al, 2004), making ALK expression under
the control of a constitutively activatedpromoter.Our
data would suggest that the same loss of control
mechanism could be induced in cells expressing the
viral protein Nef and this may affect cell signaling
pathways that control the CNS homeostasis. It has to
be mentioned that from our results, the contribution
of Nef-mediatedALK overexpression in U87MG cells
transfected with the cellular protein�expressing
construct does not appear to be strong. Indeed, a
cumulative effect of the two proteins is clearly visible
only in the case of MAP-K phosphorylation and of
some cytokines/chemokines (see below). However,
this finding may be due to a saturation of the system
linked to the overexpression of exogenousALKunder
the transcriptional control of a strong promoter
(HMCV IE promoter). Because our data and literature
reports (Souttou et al, 2001) demonstrate that ALK is
capable of interfering with cellular pathways influ-
enced also by Nef, if the ability of Nef to influence the
expression of this specific cellular protein would be
further confirmed, it could represent amechanism by
which Nef contributes to some of the HAD hysto-
pathological findings. Indeed, it has already been
demonstrated in podocytes that Nef is able to induce
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Figure 5 Nef and/or ALK effects on cytokine and chemokine expression. U87MG cells were lysed 48 h post transfection with either
pSRa, pcDNA3.1/ALK-Flag, pcDNA3.1/ALK-Flag along with pSRa/Nef-HA, or pSRa/Nef-HA. After retrotranscription, a real-time PCR
analysis was performed as described in Materials and Methods. Results are expressed as mean fold change calculated with respect to
pSRa-transfected cells, after normalization against RNA polymerase II expression levels. Error bars indicate standard deviations.
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a de-differentiation program, mediated by MAP-K
phosphorylation, which can at least partly explain
the failure of normal kidney functions, such as the
glomerular filtration (Lu et al, 2007). Because there is
a significant homology in the cytoplasm structure of
podocytes and neurons (Kobayashi, 2002; Kobayashi
et al, 2004) and the same cell signaling pathway is
clearly altered by Nef in neural cells, a similar
mechanism could be envisioned also in the case of
the latter cell type. These conclusions are further
supported by our evidence that Nef and ALK are
capable of stimulating cytokines/chemokines that
can control MMP activation.
Although our results need to be further confirmed

in other neural cell models as well as in vivo, overall
our data seem to suggest that the Nef-mediated
alteration of specific cell signaling transduction
pathways may contribute to HAD progression. More-
over, cellular proteins such as ALK could be
involved in this phenomenon, through the resulting
overexpression in Nef-positive cells, and are capable
of interfering, like Nef, with pathways that control
CNS integrity.

Materials and methods

Cell lines
U87MG and 293T cells were grown in Dulbecco’s
modified Eagle medium (Invitrogen, Carlsbad, CA),
whereas SK-N-SH cells were grown in minimum
essential medium a (MEMa) (Invitrogen), both sup-
plemented with 10% fetal bovine serum (FBS)
(Gibco) and 1%penicillin/streptomycin (Invitrogen).

Plasmids and cell culture transfections
We performed transient transfections using Lipofec-
tamine 2000 reagent following the manufacturer’s
instructions (Invitrogen, Carlsbad, CA). Briefly,
cells were plated at a density of 1.5�105 cells/well
in 6-well plates 24 h before transfection. Each well
received 1.5 mg of exogenous DNA. Five hours
later, the medium was changed to fresh medium
with FBS and cells were lysed 24 or 48 h post
transfection.
In addition to the appropriate empty vector

(pSRa), the following plasmids were employed:

. pSRa/Nef-HA, kindly provided by Dr. Göttlinger,
University of Massachusetts Medical School,
Worcester, MA, USA, expresses an HA-tagged
version of HIV-1 LAI (subtype B) Nef (Dorfman
et al, 2002);

. pcDNA3.1/ALK-Flag was obtained by cloning into
the XhoI/EcoRI sites of the pcDNA3.1 plasmid the
Flag-tagged ALK coding sequence amplified by
PCR starting from the plasmid pBluescript II KS
(�)/ALK, kindly provided by Dr. Morris, St. Jude
Children’s Research Hospital, Memphis, TN, USA
(Morris et al, 1997).

RNA extraction and real-time PCR analysis
At the appropriate time post transfection, cells were
harvested and total RNA was extracted using the
Qiagen Total RNA Kit (Qiagen, Milan, Italy). After
treatment with RNase-free DNase (Roche Diagnos-
tics, Manneheim, Germany), 3 mg of total RNA
were PCR amplified, after retrotranscription, using
random primers (PE Applied Biosystem, Milan,
Italy). The reverse transcription reaction was carried
out on 100 ml of final volume according to the
manufacturer’s instructions (PE Applied Biosystem).
The real-time PCR reaction was carried out using
fluorogenic probes or SYBR green as previously
described (Salata et al, 2009) and employing an
ABI PRISM 7700 sequence detection system. To
normalize the RNA amount of the extracted samples,
a real-time PCR analysis of the human RNA poly-
merase II cDNA was carried out. Gene expression
was measured by quantification of cDNA corre-
sponding to the target gene relative to a calibrator
sample serving as a physiological reference. The
calibrator sample was the cDNA obtained from the
cells transfected with the vector control (pSRa). All
the quantifications were also normalized to the
endogenous control (RNA polymerase II), to account
for the variability in the initial concentration, the
quality of the total RNA, and the conversion effi-
ciency of the reverse transcription reaction. All the
experiments were conducted at least in triplicate and
final quantification was carried out as previously
described (Salata et al, 2009). The primers and
probes employed are reported in Table 1.

Protein extraction and Western blot analysis
Cells were lysed in RIPA buffer (50mM Tris-HCl pH
7.4, 150mMNaCl, 1% [w/v] IGEPAL CA-630 [Sigma-
Aldrich, St Louis, MO], 0.1% [w/v] sodium deox-
ycholate [Sigma-Aldrich], 4 mM EDTA), with
protease inhibitors (Complete; Roche, Basel, Switzer-
land) and phosphatase inhibitors (1mM phenyl-
methylsulfonyl fluoride [PMSF], 2.5mM Na3OV4).
The cell lysates were precleared by centrifugation at
13,000�g for 15 min at 48C to remove nuclei
and unlysed cells. Proteins were resolved by 10%
SDS-PAGE using the Protean II System (BioRad
Laboratories, Hercules, CA). After electrophoresis,
proteins were blotted onto Hybond-C Extra mem-
branes (Amersham, GE Healthcare, UK) using a
Trans-Blot Electrophoretic Transfer Cell (BioRad
Laboratories) apparatus set at 50 V for 2 h. After
transfer, membranes were blocked using 5% w/v
milk/TBS-T (10 mM Tris-HCl pH 7.4, 150 mM NaCl,
0.1% v/v Tween 20) or bovine serum albumin (BSA)/
TBS-T (for phospho-antibodies) for 30 min at room
temperature. Blocked membranes were incubated
overnight at 48C with the rabbit anti-Flag (Santa
Cruz Biotechnology, Santa Cruz, CA), the HA.11
mouse anti-HA antibody (Covance, Princeton,
NJ), the mouse anti-GAPDH (Santa Cruz Biotech-
nology), the rabbit anti-ALK (kindly provided by
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Dr. Morris, St. Jude Children’s Research Hospital,
Memphis, TN, USA), and the anti-phospho MAP-K
and anti-total MAP-K (Cell Signaling Technology,
Danvers, MA) diluted at the appropriate working
concentration. After incubation with primary anti-
body, membranes were washed 3 times in TBS-T for
10 min at room temperature, incubated for 1 h with
horseradish peroxidase (HRP)-conjugated goat anti-
mouse or anti-rabbit immunoglobulin G antibody
(Amersham). After chemioluminescence develop-
ment with ECL Plus Western blotting detection
system (Amersham), blots were exposed in Kodak
BioMax Light Films (Kodak, Rochester, NY).

Immunofluorescence
U87MG cells were cultured on glass coverslides
coated with poly-D-lysine in 6-well plates (BD
Biosciences, Falcon). Forty-eight hours post
transfection, cells were fixed with 4% (w/v) paraf-
ormaldeyde at room temperature. After blocking
with 5% (w/v) BSA/PBS (phosphate-buffered saline)
for 30 min at room temperature, cells were reacted
with primary antibodies diluted at the appropriate
working concentration in PBS for 2 h at 378C,
washed 4 times with PBS, and incubated with
secondary antibodies, either a fluorescein isothio-
cyanate (FITC)-conjugated goat anti-mouse antibody
(Abcam, Cambridge, UK) or a Texas Red�conjugated
goat anti-rabbit antibody (Abcam). Coverslips were
mounted on glass slides and staining was visualized
with a Leica TCS SP2 laser-scanning confocal
microscope. Nef and ALK were detected with

the HA.11 mouse anti-HA (Covance) and the rabbit
anti-Flag (Santa Cruz Biotechnology), respectively.

Detection of gelatinase activity
The detection of gelatinase activity was performed
by SDS-PAGE zymography. Briefly, cells were lysed
in RIPA buffer, as described for the Western blot
analysis, then applied on a 12% polyacrylamide gel
(10�10 cm) that had been copolymerized with 0.1%
(w/v) gelatin (Sigma-Aldrich). Stacking gel con-
tained 5.4% polyacrylamide. Electrophoresis was
carried out at 48C for approximately 4 h at 80 V.
After electrophoresis, the gel was washed 2 times for
30 min in Triton X-100 2.5% (v/v) in H2O (washing
buffer), in order to remove SDS and to reactivate the
enzyme, then incubated overnight in renaturing
buffer (50 mM Tris-HCl pH7.5, 5 mM CaCl2, 2.5%
[v/v] Triton X-100). The following day, the gel was
incubated in reaction buffer (50 mM Tris-HCl pH
7.5, 5mM CaCl2, 1 M ZnCl2, 0.01% [v/v] sodium
azide) overnight at 378C. For the evaluation of the
enzyme activity, the gel was extensively washed in
distilled water, stained with Coomassie brilliant
blue R-250 for 4 h and then destained for
1 h in 45% (v/v) methanol and 10% (v/v) acetic
acid. Gelatinase activity was detected as a white
band on a blue background and was quantified by
computerized image analysis by two-dimensional
scanning densitometry.
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