Letter

Temporal Gene Regulation During HIV-l Infection

of Human CD4* T Cells

Jacques Corbeil,">® Dennis Sheeter,? Davide Genini,' Steffney Rought,’-
Lorenzo Leoni," Pinyi Du,’ Mark Ferguson,’ Daniel R. Masys,' John B. Welsh,?
J. Lynn Fink,® Roman Sasik,*> David Huang,” Jorg Drenkow,”

Douglas D. Richman,'#*** and Thomas Gingeras’

Departments of "Medicine, 2Pathology, and 3Physics, University of California San Diego, La Jolla, California 92023, USA;
“San Diego Veterans Administration Medical Center, San Diego 92161, USA; *Veterans Medical Research Foundation, San
Diego 92161, USA; °San Diego Supercomputer Center, La Jolla, California 92093, USA; ”Affymetrix,

Santa Clara, California, USA

CD4* T-cell depletion is a characteristic of human immunodeficiency virus type 1 (HIV-l) infection. In this study,
modulation of mRNA expression of 6800 genes was monitored simultaneously at eight time points in a CD4*
T-cell line (CEM-GFP) during HIV infection. The responses to infection included: (1) >30% decrease at 72 h
after infection in overall host-cell production of monitored mRNA synthesis, with the replacement of host-cell
mRNA by viral mRNA, (2) suppression of the expression of selected mitochondrial and DNA repair gene
transcripts, (3) increased expression of the proapoptotic gene and its gene p53-induced product Bax, and (4)
activation of caspases 2, 3, and 9. The intense HIV-l transcription resulted in the repression of much cellular
RNA expression and was associated with the induction of apoptosis of infected cells but not bystander cells.
This choreographed host gene response indicated that the subversion of the cell transcriptional machinery for
the purpose of HIV-l replication is akin to genotoxic stress and represents a major factor leading to

HIV-induced apoptosis.

The depletion of CD4* T cells during human immunodefi-
ciency virus type 1 (HIV-1) infection has been attributed to
numerous mechanisms including apoptosis (Ameisen et al.
1991; Laurent-Crawford et al. 1991; Terai et al. 1991). Apop-
tosis is invariably accompanied by a disruption of inner mi-
tochondrial transmembrane potential (Castedo et al. 1995).
This contributes to the release of cytochrome c sequestered in
the mitochondrion into the cytosol. In the cytoplasm, cyto-
chrome ¢ combines with APAF-1 and caspase 9 to constitute
the apoptosome, which is responsible for the initiation of the
caspase cascade triggering the intrinsic apoptosis pathway
(Green et al. 1998; Roulston et al. 1999).

To analyze the effects of HIV-1 infection on T-cell tran-
scription, we used a cell line to minimize heterogeneous host-
cell responses to infection and to allow the precise enumera-
tion of infected cells. CEM-GFP cells are a CD4+ lymphoblas-
toid T-cell line modified to express the green fluorescent
protein upon productive HIV-1 infection (Gervaix et al.
1997). When infected by HIV-1, this cell line undergoes char-
acteristic changes including cell-cycle retardation in G2/M,
apoptosis, and high levels of virion production.

RESULTS

CEM-GFP cells were inoculated with HIV-1, ,; at a multiplicity
of infection of 0.5, an inoculum sufficient to ensure that every
cell is contacted by virus particles. Aliquots of cells were ob-
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tained at 0.5, 2, 4, 8, 16, 24, 48, and 72 h after infection. A
mock infection served as a control at each time point, essen-
tially replacing the volume of viral input by an equivalent
volume of culture medium from uninfected cells. Each sample
was tested on two chips and the average taken. Normalization
was done using global normalization and scaling.

At 72 h, HIV-1 transcripts represented more than 30% of
all mRNAs present (identical amounts of labeled RNA for con-
trol or infected conditions were loaded onto the arrays). This
was determined by assessing the level of GAPDH. The average
difference value for GAPDH (spanning the whole length of
the gene and representing the summation of 198 indepen-
dent probes) at 30 min in the HIV-infected cells was 18 462
+2027 compared to 12 246 =1318 at 72 h. A similar reduc-
tion also was corroborated with B-actin probes. This reduction
of mRNA expression is consistent with previously published
results (Somasundaran et al. 1988). This intense viral replica-
tion was confirmed in the CEM-GFP cells and in primary-
activated CD4+ T lymphocytes as monitored by real-time ki-
netic RT-PCR. The levels of transcription representative of all
doubly and singly spliced (tat and vpr, respectively) as well as
all unspliced (gag) messages were measured. Fold increases in
the levels of expression of each of these three HIV-1 mRNAs
were determined at 48 and 72 h for both infected CEM-GFP
cells and primary CD4+ T cells and compared to that obtained
at 24 h. The increased expression was similar in both cell
types except that gag was expressed at higher levels in the
CEM-GFP cells (Table 1). Tat was the gene with the greatest
increase in expression, being up-regulated 315-fold at 72 h
when compared to the level determined at 24 h.

The percentages of CEM-GEP cells productively infected,
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Table 1. Expression of HIV Transcripts

HIV Cell

transcript type 24 h 48 h 72 h

tat Primary 1 12.9 315.6
CEM-GFP 1 9.4 211.0

vpr Primary 1 8.0 35.5
CEM-GFP 1 26.3 823

gag Primary 1 7.1 21.8
CEM-GFP 1 23.2 193.6

Real-time PCR quantification of tat, vpr, and gag. The level ob-
tained at 24 h was arbitrarily given a value of 1.

the level of apoptosis, and cell-cycle profiles were assessed and
collected at 24, 48, and 72 h after infection using flow cytom-
etry. At 24 h, 29% of the cells were HIV-1-infected as reflected
by green fluorescent protein (GFP) expression with (0% of the
cells apoptotic as determined by the proportion of cells with
sub-G1 DNA content. At 48 h, 86% of the cells were GFP
positive and 22% apoptotic, while at 72 h, 92% were GFP
positive and 33% apoptotic (Fig. 1A,B). Orange-fluorescent
tetramethylrosamine was used to detect membrane potential
changes in mitochondria, a marker of induction of apoptosis.
Mitochondrial membrane potential was reduced over time,
specifically in HIV-1-infected cells as defined by the intersec-
tion of GFP positivity and low orange-fluorescent tetrameth-
ylrosamine signal (CMTMRos, bottom right quadrant in Fig.
1B). Uninfected cells in the inoculated culture retained mito-
chondrial membrane potential, a clear indication that HIV-1
infection altered the membrane potential of mitochondria in
infected but not bystander cells. At 72 h, 30% of GFP-positive
cells had low mitochondrial transmembrane potential as
measured by CMTMRos staining in contrast to <1% of GFP-
negative cells (Fig. 1B). To confirm the apoptotic phenotype,
caspase activity was assessed. Caspases 2, 3, and 9 but not 6
and 8 were found to be activated in HIV-1 inoculated cell
population (Fig. 1C).

Total RNA isolated at each time point for both control
and infected CEM-GFP was reverse transcribed, and labeled
RNA (cRNA) was generated. cRNA (15pg) was hybridized to
HuGeneFL 6800 array. Genes expressed in infected or unin-
fected cell populations and those common to both were de-
termined for each of the eight time points using GeneChip
analysis suite 3.1 and 2HAPI (High-density Array Pattern In-
terpreter) software packages (Fig. 2). At 30 min after inocula-
tion, 181 genes were expressed only in the HIV-inoculated
cells, representing genes that were induced by HIV-1 binding
or entry. In contrast, 588 genes were expressed only in the
control population, representing genes that are suppressed by
exposure to HIV-1. Most of the modulation in gene expres-
sion affected genes expressed at lower copy number (the data
can be viewed and queried at our 2HAPI web site located at
http://2hapi.ucsd.edu). A general downregulation of gene ex-
pression occurred over time, especially in the HIV-1 infected
population. At 72 h, transcripts of 760 genes were called pre-
sent in the HIV-1l-infected cells (summation of genes ex-
pressed solely in HIV-infected cells and genes common to
both control and HIV-infected cells) and 805 genes were de-
tected in the control cells representing a downmodulation
compared to the earlier time points. Two independent pro-
cesses are operating; in the infected population, the cells are
killed by HIV infection and in the control, the culture reaches

confluence. This also was confirmed by the hierarchical clus-
ter analysis expressing ratios of expression of HIV over con-
trols. An impressive shutdown of numerous genes was ob-
served.
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Figure 1 Analysis of DNA content, cell cycle, percentage of infected
cells, mitochondrial membrane potential, and caspase activity. (A)
Cell cycle analysis and quantification of apoptosis. Control (mock-
infected) and human immunodeficiency virus type 1 (HIV-1) -infected
CEM-GFP cells were processed after 24 h, 48 h, and 72 h for DNA
content using propidium iodide staining. An assessment of the per-
centage undergoing apoptosis (upper right corners) was performed
by estimating the proportion of cells with subgenomic content of
DNA (labeled apo in the figure). The percentages for 24 h, 48 h, and
72 h were 9%, 22%, and 33%, respectively. (B) Determination of the
percentage of HIV-infected cells and evaluation of the mitochondrial
membrane potential (Aym). The percentage of GFP-positive cells (cu-
mulative of the percentage present in top and bottom right quadrants)
is an assessment of the number of cells productively infected. The
percentages for 24 h, 48 h, and 72 h were 29%, 86%, and 92%,
respectively. Cells were gated initially using forward and side scatter
criteria to exclude dead cells. Orange-fluorescent tetramethylrosa-
mine was used to assess the mitochondrial transmembrane potential.
Gating on live cells only, 28% of cells that were GFP positive (92%)
showed reduced staining at 72 h. (C) Cells were infected with HIV-1
at 0.5 MOI. At the indicated time points, 2 X 10° cells were washed
with PBS and lysed in caspase buffer. Caspase activity of 10-20 pg of
total protein was measured with specific substrates for caspase-2 (H), 3
(@), 6 (O), 8 (®) and 9 (@) (100 uM) after 1 h incubation at 37°C.
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Figure 2 Genes expressed in control uninfected and HIV-1-infected
cells. Stringent criteria were used for calling a gene present (i.e., a
gene that can be reliably detected and quantitated with accuracy). A
general down-regulation, especially with the HIV-infected population,
can be noted. Genes that are expressed in control only increase from
184 at 24 h to 805 at 72 h, while genes specific for HIV-infected cells
number 549 at 24 h and 148 at 72 h. Genes expressed in both
populations diminish over time as more genes are shut down in the
HIV-infected cell population.

Genes expressed early in HIV-1 infection (0.5, 2, 4, and 8
h) included some that were characteristic of cellular defense
mechanisms. These included members of the interferon alpha
family (accession no. J00212) at 2 h, 4 h, and 8 h, and MxB
(accession no. M30818), an antiviral interferon-alpha/beta-
inducible protein belonging to the family of large GTPases, at
30" and 2 h (Melen et al. 1996). Genes were grouped in clus-
ters according to patterns of coordinated expression over time
(Tamayo et al. 1999). A group of 12 representative clusters
represented the best fit with the most distinctive patterns of
expression (see supplemental information Fig. A). Cluster 9
shows an impressive increase in later time points for 333
genes. Conversely, cluster 3 represents genes that were down-
regulated with time (421 genes).

The similarities present in each cluster group based on
the enumeration of Medical Subject Heading (MeSH) key-
words were determined using 2HAPI. This approach also re-
vealed a dysregulation in gene expression associated with key-
words such as mitochondria (52 genes), apoptosis (75 genes),
pS3 (18 genes), and repair (38 genes). Genes in the mitochon-
drial category included mitochondrial 3-ketoacyl-CoA thio-
lase beta-subunit of trifunctional protein, a gene located in
the mitochondrial matrix (D16481), human cytochrome c-1,
located in the mitochondrial inter membrane space (J04444),
ATP synthase alpha subunit found in the mitochondrion in-
ner membrane (D14710), cytochrome bc-1 complex core pro-
tein II localized in the matrix side of the inner mitochondrial
membrane (J04973), aconitase (U80040), and porin, which
forms a channel through the mitochondrial outer membrane
(LO8666). All were down-regulated significantly in later time
points, indicative of mitochondrial dysfunction. A partial list
can be found in Fig. 3. Genes involved in DNA repair and
apoptosis also were significantly repressed. These include
DNA-PK (U35835), a DNA damage-activated enzyme respon-
sible for phosphorylating pS3 (Cuddihy et al. 1999), HSP70
(L12723), a heat-shock protein capable of inhibiting apopto-
sis, and HHR23A (D21235), which has been shown to bind to
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HIV-1 vpr (Withers-Ward et al. 1997; Gragerov et al. 1998). In
contrast, GADD45 (growth arrest and DNA-damage-inducible
protein: M60974) was slightly elevated.

These observations indicated DNA damage or genotoxic
stress and prompted an evaluation of the components of DNA
repair pathway in the infected cell population at the protein
level. p53 was phosphorylated in HIV-1 infected cells (Fig. 4).
pS53 acts as an inducer of the potent proapoptotic gene Bax
(Miyashita et al. 1995; Marzo et al. 1998), which was up-
regulated only in HIV-infected cells (Smith et al. 1994). DNA-
damage inducible gene Gadd45 also was up-regulated (Zhan
et al. 1999). Human mdm2, an inhibitor of p53 function, was
down-regulated, possibly leading to an increase in p53 func-
tion and GADD4S5, a repair-sensing protein, was elevated in
the infected population (results not shown). This enhanced
expression of p53 protein and its stabilization by phosphory-
lation may be attributable to DNA breaks induced by the in-
tegration of the HIV-1 genome into the host genome, the
activation of the NFkB pathway (Wu et al. 1994), or the gen-
eral genotoxic stress induced by HIV-1 infection. The tran-
scription of most genes ultimately was down-regulated by
HIV-1 infection. One of the down-regulated genes has been
reported previously by Geiss and collaborators (Geiss et al.
2000). The gene prothymosin alpha (M26708) that is ex-
pressed to high levels was down-regulated to the same extent
in our own experiments. However, we saw a twofold expres-
sion enhancement at 30 min after infection. This points out
the importance of determining the expression for multiple
time points. The general downregulation contrasts with cyto-
megalovirus infection of primary human fibroblasts (Zhu et
al. 1998) for which remarkable amplification of genes resulted
from cytomegalovirus infection before the demise of the tar-
get cell. Another analysis of the process of HIV infection was
performed using differential display by Ryo et al. (2000). In-
terestingly, they also suggest that HIV exerts a strong cyto-
pathic effect on the host.

Using the cluster and treeview applications of Eisen et al.
(1998), we ordered the genes for similarity of expression over
time. The resulting ratios of expression for HIV over control
were clustered. A section of the hierarchical tree is shown in
Figure 5, representing a subset of genes whose expression lev-
els differed by at least fourfold between HIV and control. We
focused on a section where expression was increased in HIV-
infected cells at the later time point (16 h to 72 h). A selection
of these also is shown in supplemental Figure B in our 2HAPI
format. Interestingly, several genes were significantly up-
regulated.

One such gene identified by the 2HAPI overlap function
and the hierarchical clustering was Nuclear Factor I (NFIB-2).
This gene was highly expressed at all the later time points (16,
24, 48, and 72 h) during the process of HIV-1 infection.
NFIB-2 is part of a family of dimeric DNA-binding proteins
with very similar, possibly identical, DNA-binding specificity.
These proteins are required for cell-specific transcription of
many viral and cellular genes as cellular transcription factors,
and as replication factors for adenovirus DNA replication
(Qian et al. 1995; Chaudhry et al. 1997). NFIB-2 also has been
identified as a recurrent translocation partner gene of high-
mobility-group IC (HMGIC) in pleomorphic adenomas (Geu-
rts et al. 1998). This increase in NFIB-2 expression was con-
firmed using real-time RT-PCR; the values were 3.5-fold
greater at 24 h, 10-fold greater at 48 h, and 505-fold greater at
72 h when compared to the mock-infected controls. This in-
crease is remarkable in the face of a general down-regulation
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Figure 3 Selected mitochondrial-associated genes modulated by human immunodeficiency virus (HIV) infection. (Blue) control condition; (red)
HIV-infected cells. An additional link to GeneCard, Entrez, and PubMed also are displayed with the Entrez description for the gene. Clicking on the
graph itself provides the average difference values and call made by the initial GeneChip analysis suite software. Average difference values of <35

reflects that the gene is not present (includes negative values).

of host-cell mRNA expression in infected cells. Interestingly,
expressing this factor constitutively in a Jurkat cell line re-
sulted in decreased production of virus over time as moni-
tored by p24 expression possibly resulting from a reduction in
surface expression of the CD4 receptor (data not shown). The
role of this factor remains to be fully elucidated in the context
of HIV infection. Additionally, this observation was con-
firmed in primary CD4+ T lymphocytes infected with HIV-1
with a 55-fold increase of this transcript at 24 h (data not
shown). Real-time RT-PCR also confirmed that Bax and
GADD45 were up-regulated, 2- and 2.1-fold respectively, com-
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Figure 4 Western blot for p53, phosphorylated p53, and BAX. p53
concentration remained constant but phosphorylated p53 was mark-
edly increased in HIV 1 at 48 and 72 h, a situation mimicked for BAX.

pared to control cells at 72 h. Bax also was shown t be signifi-
cantly up-regulated by Western-blot analysis (Fig. 4). Other
genes of interest were: SH3GL3, reported to be involved in
selective neuronal cell death (Sittler et al. 1998), the type II
receptor for interleukin (IL) 1, characteristic of inflammation
processes, CD79B (M89957) associated with the immuno-
globulin gene superfamily, human pre-T/NK associated pro-
tein (CD73) involved in signal transduction associated with
increased purine salvage, and the generation of adenosine
(Ado) for Ado-receptor signaling (Peola et al. 1996).

DISCUSSION

This study shows that HIV-1 infection modulates the tran-
scriptional levels of a large number of host genes. Many genes
are either suppressed to undetectable levels or are signifi-
cantly up-regulated very soon after virus inoculation and be-
fore the initiation of virus transcription. The changes in-
volved in the culture system (infected and mock infected) are
all part of the process encompassing the response of the target
cells to productive HIV infection. The mock-infected cells
grew normally and cycled normally as seen in Figure 1A, but
the HIV-infected cells diverged significantly from the normal
cycling phenotype and displayed extensive apoptosis. Fluc-
tuations in gene expression are expected even in normally
cycling cells because of differences in proliferation and gen-
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Figure 5 Hierarchical cluster analysis. We selected genes with average difference values >50 for at least four out of the eight time points. Also,
the ratio of the average difference of HIV over control had to be =2 (422 genes met the criteria). The data then were processed using Cluster. The
values were log transformed, and self-organizing map was applied (100,000 iterations) prior to generating the hierarchical clusters. The display
software Treeview was used to render the figure. Cross section of the tree and magnification of a subset of the hierarchical cluster showing genes
that clustered with NFIB-2. These selected genes were overexpressed as compared to control at the later time points. Intensity of color from bright
green to bright red (log scale) is shown. (Green) overexpressed in control; (red) overexpressed in HIV-infected population.

eration of different effectors during the course of the experi-
ments. The experiments were done in a cell line expressing
the green fluorescent protein, however, we controlled that
GFP had little to no impact on the target cell (using cell cycle
analysis as in Fig. 1A) compared to the virus by constitutively
expressing the protein in the CEM-GFP cell line (results not
shown). HIV-1 transcription usurps cellular transcription to
such an extent that a marked diminution of host-cell
transcription is observed. Changes in transcription include
genes that may be essential for mitochondrial function
and integrity (Chen et al. 2000) and to DNA repair mecha-
nisms leading directly to the induction of apoptosis of in-
fected cells. This situation applies to productively infected
CD4+ T-cell lines and possibly in the acute events following
infection in HIV-infected individuals when virus titers are
high.

Discovery-driven approaches in genomics using high-
density gene expression microarrays have permitted the
definition of new avenues of research and the identifica-
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tion of pathways and signal transduction events pertinent to
the process of HIV-1 infection. High-density microarray inter-
rogation of gene expression represents a powerful tool to
dissect the relationships between an infectious agent and its
host.

METHODS

Cell Culture and Viral Infection

The CEM-GFP CD4+ lymphoblastoid T-cell line was devel-
oped as a reporter line to monitor productive HIV infection. A
plasmid consisting of the HIV-1 LTR driving the expression of
the GFP was introduced in the CEM parental cell line. Upon
productive infection, cells express GFP, which can be moni-
tored by flow cytometry. Virus stocks of HIV-1,,, were pro-
duced and titered in the same cell line and infectivity deter-
mined by the method of Karber. CEM-GFP cells were infected
at a multiplicity of infection of 0.5 in the presence of poly-
brene (2 pg/mL) added to both mock and HIV-infected cells.
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A mock-infected control was processed using supernatant of
cultured CEM-GFP cells. All the culture medium (for both
mock and infected culture) was removed and replaced with
fresh media after the initial 2-h incubation. Aliquots of cells
were taken at 0.5, 2, 4, 8, 16, 24, 48, and 72 h after infection
for both populations. Cells were washed once with PBS, re-
suspended in 250 pL of PBS to which 750 pL of Trizol (Gibco-
BRL) was added, and stored at —80°C.

CD4+ Lymphocyte Isolation and Infection

CD4+ lymphocytes were isolated from [B00 x 10° PBMC us-
ing the Vario MACS CD4+ Cell Isolation Kit and Depletion
Columns (Miltenyi Biotec) according to the manufacturer’s
protocol. Purified primary CD4+ T cells were infected with the
same strain of HIV-1 at the same multiplicity of infection, two
days after stimulation with PHA and addition of IL-2 ( 20
unit/mL). Aliquots were taken at 2, 24, 48, and 72 h after
infection. Cellular and viral messages were quantified using
real-time RT-PCR quantification.

Cell Cycle, Apoptosis, and Mitochondrial Membrane
Potential Assays

DNA Fragmentation and Cell-Cycle Analysis

Cells (2 X 10°) were washed in PBS, resuspended in 30% etha-
nol in PBS, and kept at 4°C until analyzed. Cells then were
treated with RNAse A (100 pg/mL) and stained with 50 pg/mL
of propidium iodide for 1 h at 37°C. Cells were analyzed by
flow cytometry as previously described (Telford et al. 1992).

Mitochondrial Transmembrane Potential

Cell pellets were resuspended in 100 nM of orange-fluorescent
tetramethylrosamine (CMTMRos, Molecular Probes) and in-
cubated at 37°C for 30 min under the normal growth condi-
tions. Cells were washed and fixed in 1% formaldehyde in PBS
and analyzed by flow cytometry (Poot et al. 1999).

Caspase Activity

Cells were resuspended in caspase buffer (50 mM Hepes, pH
7.4, 100 mM NaCl, 1 mM EDTA, 0.1% Chaps, and 5 mM
dithiothreitol) for 10 min at 4°C. Lysates (10-20 g of total
protein) were mixed with 50 uL of HEB buffer (PIPES 50 mM,
KCl 20 mM, EGTA § mM, MgCl, 2 mM, and DTT 1 mM, pH
7), and reactions were initiated by addition of 100 uM of the
specific substrate. After 1 h incubation at 37°C, caspase-3-like
protease activity was measured by monitoring the digestion of
its substrate Ac-DEVD-AMC, caspase-9-like activity using Ac-
LEHD-AFC, caspase-6-like protease activity with the substrate
Ac-VEID-AMC, caspase-8-like activity with Ac-IETD-AFC, and
caspase-2-like activity with Ac-VDVAD-AFC (Calbiochem).
Activity was quantified by the release of 7-amino-4-
trifluoromethyl-coumarin (AFC) or 7-amino-4-methyl-
cumarin (AMC) monitoring fluorescence at excitation and
emission wavelengths of 400 and 505 nm, and 380 and 460
nm, respectively, using a fluorimeter (Cytofluor 2000, Milli-
pore).

Immunoblots

Immunoblot analysis was performed on total-cell lysates of 5
X 10° cells in 100 uL RIPA buffer (50 mM TrisHCI, pH 7.4, 50
mM NaCl, 1 mM EGTA, 20 mM glycerophosphate, 0.5% (v/v)
Nonidet P-40, 1 mM Na3VO4, 1 mM NaF, 1 pg/mL Aprotinin,
1 pg/mL leupeptin and 1 mM phenylmethanesulfonyl fluo-
ride (PMSF) at the indicated time points (24, 48, and 72 h).
Cell extracts (30 pg per lane) were resolved by SDS-PAGE on
8%-20% gels and transferred on PVDF membranes. The indi-
cated antibodies, p53 and phosphospecific p53(515) (New En-
gland Biolabs, and BAX (N20) (Santa Cruz Biotechnology)

were visualized by alkaline phosphatase-based enhanced che-
miluminescence.

Expression Analysis

The preparation of labeled RNA (cRNA) was performed as de-
scribed by Affymetrix . The procedure to prepare material for
hybridization to the chips involved multiple steps (for more
details see our web site at: http://genomics.ucsd.edu).We used
10 million cells per time point and condition. Equal amounts
of labeled cRNA (15 ng) were used per GeneChip array. Two
chips were used for every time point and condition and the
average used for all subsequent analysis. In the case of the
HIV-1-infected sample, the viral mRNA contributes signifi-
cantly to the total RNA loaded into the arrays; however, glo-
bal normalization and scaling takes account of this contribu-
tion. Average difference (intensity of fluorescence) was plot-
ted for duplicate experiments. The variability was within
twofold. This was used as our reference for calling a modula-
tion significant (more than twofold). The level of gene expres-
sion was normalized for all conditions. The global normaliza-
tion is a computational technique in which the output of the
experimental array is multiplied by a factor (normalization
factor) to make the average intensity equivalent to the aver-
age intensity of all the other arrays used in the multiple chip
experiment. This is based on all probe sets present on the
chip. The output yields an intensity of expression and with
this and other parameters, a determination of the relative
number of copies for a specific mRNA transcript for which an
absolute call was made. The data were processed using
GeneChip analysis software suite 3.1 (Affymetrix) and then
imported into 2HAPI for further analysis (http://
array.sdsc.edu).

Real-Time RT-PCR Quantification

The level of expression of specific transcripts were determined
using the Perkin-Elmer ABI Prism 7700 (TaqMan) and Se-
quence Detection System software. Total RNA was isolated
using the TRIzol Method (Gibco-BRL) and then digested with
deoxyribonuclease to remove any contaminating genomic
DNA. Five micrograms of total RNA was used to generate
¢DNA using a T7-poly dT oligodeoxynucleotide primer (GGC
CAG TGA ATT GTA ATA CGA CTC ACT ATA GGG AGG AGG-
T,,) following the protocol for SuperScript II (Gibco-BRL).
Equal amounts of cDNA were used in triplicate and amplified
with the Tagman Master Mix provided by Perkin-Elmer. Am-
plification efficiencies were validated and normalized against
GAPDH and fold increases were calculated using the Com-
parative CT Method for quantitation. The primers and probes
used follow: NFIB-2 forward-TCT CAC CAA CGA AGG CTA
GGA, reverse-GCT TAT AAA ATG GCT GGC TCA TG probe-
CGG CGT CAG AGA TGC TGG GTG A; Bax-alpha forward-
CTG ATC AGA ACC ATC ATG GGG, reverse-GAG GCC GTC
CCA ACC AC, probe-TCC GGG AGC GGC TGT TGG G, and
GADDA45 forward-TCT GCA GAT CCA CTT CAC CCT, reverse-
GCT GAC GCG CAG GAT GTT, probe-TCC AGG CGT TTT
GCT GCG AGA AC. The primers and probes are based on the
HIV-1y4_3 sequence: tat forward-GCC TTC ATT GCC AAG
TTT GTT T, reverse-GTC GCT GTC TCC GCT TCT TC, probe-
CAA GAA AAG GCT TAG GCA TCT CCT ATG GCA; vpr for-
ward-GGC AGG AGT GGA AGC CAT AAT A, reverse-CTC
TCC TCT GTC GAA TTA TGC CTA T, probe-AAT TCT GCA
ACA ACT GCT GTT TAT TCA TTT CAG AA; gag forward-AAA
AGA GAC CAT CAA TGA GGA AGC, reverse-TGG TGC AAT
AGG CCC TGC, probe-CAG AAT GGG ATA GAT TGC ATC
CAG TGC A.
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