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ABSTRACT Proliferation of normal T lymphocytes is im-
paired by human immunodeficiency virus (HIV) proteins. In
this paper, we demonstrate important parts of this mechanism.
Initially, HIV-induced impairment of proliferation was shown
to be an active process involving induction of protein tyrosine
kinases in both CD4 and CD8 T cells. Furthermore, the
impairment of cell proliferation was demonstrated to be linked
to induction of the inhibitory protein kinase A (PKA) pathway
by HIV proteins. This induction of PKA was accompanied by
an increase in intracellular cAMP, which is necessary for the
activation of PKA. Finally, increases in cAMP/PKA activity
were shown to induce biochemical changes that impaired
proliferation when cells were stimulated with phytohemagglu-
tinin. This was demonstrated by showing that (i) agents, other
than HIV proteins, that increase cAMP/PKA activity (cholera
toxoid and 8-bromo-cAMP) also decreased T-lymphocyte pro-
liferation; (i) exposure of lymphocytes to HIV or cholera toxoid
led to decreased membrane activity of the proliferation pro-
moter protein kinase C upon stimulation; and (iii) agents that
reduced cAMP generation neutralized the effect of HIV pro-
teins and restored lymphocyte proliferation. These studies
show that the HIV-induced augmentation of cAMP/PKA
activity may be a key part of the mechanism responsible for all
or part of the HIV-induced anergy of T lymphocytes.

Infection with human immunodeficiency virus (HIV) leads to
a decline in CD4 T-cell numbers and causes an impaired
cellular immune function leading to development of AIDS (1).
Factors other than the virus infection itself seem to be
involved in the suppression of the inmune system, because
the number of HIV-infected cells is low in most stages of
infection (2, 3). Further, the decrease in CD4 T cells alone
cannot account for the suppression of the immune system,
because a functional T-cell defect is detectable early in HIV
infection, at a time when the CD4 T-cell numbers are within
the normal range (4, 5).

We (6, 7) and others (8, 9) have previously reported an
inhibitory effect of various preparations of inactivated HIV
or HIV lysates in nanogram quantities on lymphocyte pro-
liferation in vitro that is similar to  the effect reported for
animal retroviruses (10). HIV impaired proliferation of both
CD4 and CD8 T cells, indicating that the suppression is not
connected to the CD4 receptor (7). Further, we showed that
HIV impaired the very early steps of activation, because
exposure to HIV shortly after cell stimulation failed to impair
proliferation (7). Apart from impairment of cell proliferation,
exposure to HIV decreased the metabolism of inositol phos-
pholipids, but without acting on the cells’ ability to increase
intracellular free Ca2* (7). However, exposure to HIV in
nanogram quantities did not by itself induce cell prolifera-
tion, increase intracellular Ca?*, or induce metabolism of
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inositol phospholipids (7), indicating that the effect of HIV
does not directly involve the T-cell CD3 receptor. The HIV
glycoprotein gp120 has been described to have a mitogenic
effect leading to inositolphospholipid metabolism and cell
proliferation (11). However, this mitogenic effect of gp120 is
obtained only with microgram quantities of gp120, which is
an unphysiological amount.

Lymphocyte activation leading to cell proliferation in-
volves signaling through the biochemical intracellular path-
ways. The signaling is regulated through activation of various
protein tyrosine and serine threonine kinases. These kinases
activate enzymes and receptors by phosphorylation and
thereby regulate the activation process (12). The best-
characterized kinases are the inhibitory protein kinase A
(PKA) and the growth-promoting protein kinase C (PKC).
Protein tyrosine kinases (PTKs) are less well characterized,
and various types are present.

In this paper we have explored the effect of HIV proteins
on these protein kinases. We show that the impairment of
lymphocyte proliferation induced by HIV is an active process
involving induction of tyrosine and serine/threonine protein
kinases. Further, we link the HIV-induced activation of
protein kinases of the cAMP-dependent PK A pathway to the
impairment of proliferation of normal peripheral blood mono-
nuclear cells (PBMC).

MATERIALS AND METHODS

Cell Cultures. PBMC from healthy blood donors were
isolated by Lymphoprep (Nyegaard, Oslo) density gradient
centrifugation. Proliferation assays were performed as de-
scribed (6, 7). Cell cultures were prepared in Eppendorf tubes
and contained 5-10 x 106 cells per ml for the phosphotyrosine
experiments and 2-5 X 106 cells per ml for the kinase
experiments and cAMP determinations. Optimal concentra-
tions of the following were used: phytohemagglutinin
(PHA)-P (Wellcome), 10 ug/ml; phorbol 12-myristate 13-
acetate (PMA), 200 ng/ml; cholera toxoid, 0.2-10 ug/ml; and
8-bromo-cAMP (Br-cAMP), 0.2-40 ug/ml (the last three all
from Sigma). HIV proteins were added to final dilutions of
108-360 pg of p24 antigen per ml. 2',5'-Dideoxyadenosine
(ddAdo) was used in a concentration of 10 ng/ml according
to an initial titration showing that this was sufficient to block
cAMP generation without having an effect on normal PHA-
induced cell proliferation. T cells were prepared as described
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earlier (7). T-cell subsets were purified by depleting T cells of
either CD4 or CD8 T cells as described earlier (5, 7).
Phosphate-buffered saline (PBS), RPMI medium 1640, and
Hepes for T-cell purification were all specially endotoxin-free
preparations (Sigma). S-Propiolactone-inactivated HIV was
prepared as described (13) and quantitated by measuring the
amount of HIV p24 by ELISA [DuPont/NEN (14)].

Phosphotyrosine Determinations. PBMC were lysed with
lysing buffer (1% Triton X-100/5 mM Tris-HCl, pH 7.0/5 mM
EDTA/10 mM sodium vanadate/100 ug of phenylmethylsul-
fonyl fluoride per ml (Sigma) at 100 ul per 12 X 106 cells and
sonicated (50 W) three times for 10 sec on ice. The cell lysates
were electrophoresed on an SDS/4-20% polyacrylamide
gradient gel and electroblotted to a nitrocellulose membrane
(Bio-Rad). The membrane was incubated with a monoclonal
antibody to phosphotyrosine (Sigma) for 3 hr and probed with
an 12°[-labeled goat antibody to mouse immunoglobulin (ICN)
for 2 hr. An x-ray film (Kodak) was exposed to the membrane
for 1-3 days. The bands were identified according to the film
and cut from the membrane, and radioactivity was measured
in a y counter.

PKC, PKA, and cAMP Measurements. For the PKC and
PKA assays, the reagents were obtained as kits from GIBCO
and the manufacturer’s protocol was followed. PKC: Cell
membrane fractions were obtained by ultracentrifugation
(100,000 x g for 1 hr at 4°C). Membrane fractions were then
sonicated in the presence of 0.05% Triton X-100. Specific
PKC activity was determined as the difference between
phosphorylation of a PKC-specific substrate without and
with a specific PKC inhibitor present. The specific PKC
substrate was a synthetic peptide from myelin basic protein
(amino acids 4-14) with an acetylated N-terminal glutamine,
and the specific inhibitor was a peptide (amino acids 19-36)
from the same protein which binds to the ‘‘pseudosubstrate’’
region of the regulatory domain (15, 16). PKA: Cells were
sonicated, and the specific PKA activity in the cell lysates
was determined as the difference between phosphorylation of
a PKA-specific substrate without and with a specific PKA
inhibitor present. The specific PKA substrate was the syn-
thetic peptide Leu-Arg-Arg-Ala-Ser-Leu-Gly, called ‘‘kemp-
tide,”” and the specific inhibitor was a peptide called ‘‘PKI,”’
which has an alanine to serine replacement in the consensus
sequence Xaa-Arg-Arg-Xaa-Ser-Xaa (Xaa = any amino acid)
and binds to the pseudosubstrate region of the regulatory
domain (17, 18). The reaction mixtures containing enzyme,
[32P)-ATP, substrate, and either inhibitor or extra buffer were
kept at 37°C for 5 min and then spotted on cellulose paper.
Unbound [*2P]ATP was removed by washing, and the radio-
activity on the paper discs was measured in a 8 counter after
addition of scintillation fluid. The amounts of lysate over
which the assay was linear were determined in initial exper-
iments. All experiments were repeated two to five times.
cAMP: This assay is a commercial scintillation proximity
RIA (Amersham) and the manufacturer’s protocol was fol-
lowed.

RESULTS

HIV Induces Sustained Phosphorylation of Protein Tyrosine

Residues in Normal PBMC. Addition of HIV proteins or PHA
to normal PBMC for 1 hr led to the generation of phosphor-
ylated protein tyrosine residues (Fig. 1). Detection of phos-
photyrosine in protein bands from about 10 to 200 kDa
indicates activity of various PTKs. Three bands, about 45,
55, and 80 kDa, were particularly strong. For quantitating
activity, we focused on these bands although other bands
reflected the activation as well. Because the activity of PTKs
is low in resting T lymphocytes (19, 20), demonstration of an
activation of PTKs shows that HIV proteins actively induce
signals in normal PBMC.
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Fic. 1. Induction of sustained protein tyrosine phosphorylation
in normal PBMC by HIV proteins or PHA. The autoradiography of
a Western blot shows phosphotyrosine generation when HIV pro-
teins or PHA is added to normal PBMC for 1 hr. For the HIV + PHA
combination, cells were treated with HIV for 10 min before 1-hr PHA
stimulation. Quantitation of the 45-, 55-, and 80-kDa bands together
gave nonstimulated, 931 cpm; +HIV, 1974 cpm; +PHA, 2472 cpm,
and HIV + PHA, 2464 cpm after subtraction of background.

PTK Activity Induced by HIV Can Be Measured as Early as
5 min After Stimulation. Normal PBMC were stimulated with
HIV proteins or PHA and were tested for generation of
phosphotyrosine after 0, 2, 5, and 10 min. Phosphotyrosine
bands, measured on a Western blot, were increased over
background after 5 min of HIV stimulation (Fig. 2). It was
also found that exposure of normal PBMC to HIV for 10 min
before PHA stimulation did not prevent subsequent induction
of tyrosine phosphorylation by PHA (Fig. 2).

HIV Induces Phosphorylation of Tyrosine in Both CD4 and
CD8 T Cells. CD4 and CD8 T cells were purified by first
E-rosetting T cells [sheep erythrocytes (E) bind to the CD2
receptors but do not lead to signaling]. Subsequently, these
E* lymphocytes were depleted of either CD4 or CD8 T cells
to a purity of CD4 T cells of 89% (+2%) with remaining CD8
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Fi1G. 2. HIV-induced protein tyrosine phosphorylation is detect-
able within 5 min. (Upper) HIV proteins or PHA was added to normal
PBMC in a time-course experiment. For the HIV + PHA combina-
tion, cells were treated with HIV for 2, 5, or 10 min before 1-hr PHA
stimulation. (Lower) Quantitation of the combined 45-, 55-, and
80-kDa bands shows that HIV as well as PHA induces phosphoty-
rosine progressively over the first 10 min of activation, and addition
of PHA to cells previously exposed to HIV proteins for 10 min does
not reduce PHA-induced PTK activity (line labeled HIV + PHA).
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of 3% (+1%) and CD8 T cells of 76% (*+3%) with remaining
CD4 of 19% (*+2%). HIV proteins induced phosphorylation of
tyrosine residues in both CD4- and CD8-enriched T cells in
10 min. In three experiments, exposure to HIV increased the
intensity of the 45-, 55-, and 80-kDa bands to 206% * 90%
(mean = SEM) for CD4 T cells and 181% =+ 20% for CD8 T
cells. Because the activations obtained in CD4 and CD8 T
cells are similar, it is unlikely that the activation of CD8 T
cells is due to the remaining CD4 T cells in the preparation.
The experiment shows that activation of PTKs by HIV
proteins is not mediated via the CD4 receptor. The finding is
consistent with earlier published data showing that HIV
proteins impair the proliferation of both CD4 and CD8 T cells
.

HIV Induces an Increase of PKA Activity. Addition of HIV
proteins or PHA to normal PBMC induced PKA activity in
time-course experiments, reaching a maximum after 5 min of
activation (Fig. 3 Upper). A 5-min activation was chosen for
further studies. The induction of PKA activity by HIV was
confirmed in four of four experiments (P < 0.05) (Fig. 3
Lower). Exposure of PBMC to HIV for 10 min prior to
stimulation did not decrease subsequent induction of PKA
activity by PHA. Although 70% of PBMC are T cells, only T
cells respond to PHA. The experiment was repeated on
separated T cells. During separation, particular care was
taken to avoid endotoxin-containing media, which may cause
fluctuating preactivation. In three experiments, PKA activity
increased from 2.5 = 1.0 (mean = SEM) to 10.0 = 1.6 pmol
of 32P incorporated per million T cells after HIV stimulation
(P < 0.05) and to 7.8 = 2.2 pmol of 32P incorporated per
million T cells after activation with PHA, demonstrating that
results obtained with PBMC and T cells are similar. These
experiments show that HIV activates the inhibitory PKA
pathway in T lymphocytes, which has an inhibitory effect on
cell processes leading to proliferation (21).
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F1G. 3. HIV proteins induce an increase of cAMP-dependent
PKA activity in normal PBMC. (Upper) Addition of HIV proteins or
PHA to normal PBMC induced an increase in PKA activity in a
time-course experiment, reaching a maximum after 5 min of activa-
tion. The 5-min time was chosen for further studies. (Lower) Induc-
tion of PKA activity by HIV and PHA was confirmed in four of four
experiments (P < 0.05). Exposure of PBMC to HIV proteins for 10
min prior to stimulation did not alter subsequent induction of PKA
activity by PHA. Each column represents mean and SEM of four
experiments.
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HIV Induces an Increase in Intracellular cAMP Concentra-
tion. Addition of HIV proteins as well as PHA to normal
PBMC induced an immediate increase in intracellular cAMP
as measured in cell lysates. In three time-course experiments,
the intracellular cAMP increased and reached a maximum
after 2-5 min (data not shown). More donor variability was
observed than for PKA activity. The induction of cAMP by
HIV was shown in five of five experiments (P < 0.01) (Fig.
4). Again, carefully separated T cells were also tested, and
they showed similar results. In three experiments cAMP
increased after addition of HIV or PHA from 0.39 *+ 0.09
(mean = SEM) to 0.61 + 0.11 and 1.09 *= 0.36 pmol per
million T cells (P < 0.05), demonstrating that results obtained
with PBMC and T cells are similar. PKA is active only in the
presence of cAMP. The generation of cAMP in T cells in
response to HIV, therefore, confirms the above results
showing activation of the inhibitory cAMP/PKA pathway.

HIV-Induced Increase in PKA Activity Is Similar to That
Induced by Cholera Toxoid. In one of two experiments
showing similar results, PKA activity induced by HIV was 19
pmol of 32P incorporated per min per 10° PBMC and 16
pmol/min per 106 PBMC induced by cholera toxoid. The
activity in nonstimulated cells was 6 pmol/min per 10°
PBMC. The HIV-induced increase in cAMP/PKA activity is,
therefore, of the same magnitude as cholera toxoid-induced
increase.

Reagents That Increase Intracellular cAMP Impair Prolifer-
ation of Normal PBMC. Both Br-cAMP, a stable form of
cAMP, and cholera toxoid, a well-established stimulator of
cAMP accumulation (22), impaired PHA-induced cell prolif-
eration as measured by [*H]thymidine uptake (Table 1). The
experiment confirmed that cAMP impairs PHA-induced pro-
liferation of T lymphocytes and confirms results of others (22).

Blocking of Intracellular cAMP Generation by Chemical
Means Reverses the Effect of HIV on T-Lymphocyte Prolifer-
ation. Intracellular cAMP can be decreased by blocking ade-
nylate cyclase, the enzyme responsible for cAMP generation,
with the adenosine analogue ddAdo. If HIV impairs T-lym-
phocyte proliferation mainly by increasing intracellular
cAMP, it should be possible to restore proliferation by de-
creasing intracellular cAMP. To demonstrate this, HIV pro-
teins were added to PBMC for 1 hr and then washed away. As
expected, the proliferative response to PHA in these cells was
reduced (Fig. 5). However, when the HIV-treated cells were
subsequently treated with dd Ado for 10 min and then washed,
the proliferative response to PHA was mostly restored (Fig. 5).
This effect of ddAdo was seen in five of five experiments (P
< 0.05). ddAdo alone had only a minor and variable effect on
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Fi1G. 4. HIV proteins induce an increase in intracellular cAMP.
Addition of PHA or HIV to normal PBMC induced in five of five
experiments (P < 0.01) an increased intracellular level of cAMP.
Treatment of PBMC with HIV protein for 10 min before PHA
stimulation did not change the subsequent induction of cAMP (HIV
+ PHA).
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Table 1. Comparison of impairment of PHA-induced cell
proliferation induced by various agents that increase
intracellular cAMP

[3H])Thymidine
Addition to Conc., incorporation,t Residual
PHA* ug/ml cpm X 103 activity, %%

None — 2542 £ 9.0 100
HIV § 1220+ 3.8 48
Cholera toxoid 1.25 84.6 =+ 9.7 33
0.63 120.5 + 9.2 47

0.33 168.7 + 21.9 66

Br-cAMP 400 416 + 2.1 16
200 96.3 + 14.4 38

100 168.7 + 21.9 66

HIV, cholera toxoid, and Br-cAMP each decreased PHA-induced
thymidine uptake significantly (P < 0.01 comparing triplicate deter-
minations). HIV, cholera toxoid, and Br-cAMP alone did not stim-
ulate [3H]thymidine uptake above background.

*PHA concentration was 10 ug/ml in all cases.

tEntries are mean + SEM of triplicate determinations.

Percentages are (cpm in presence of PHA and addition/cpm in PHA
alone) x 100.

$HIV was 360 pg of HIV p24 per ml.

PBMC (the response to PHA increased in two, decreased in
two, and did not change in one experiment).

HIV Induces Lymphocyte Membrane PKC Activity. An
important step in early cell activation is the translocation of
PKC from cytoplasm to the plasma membrane. Addition of
the specific PKC activator PMA to normal PBMC induced a
lasting PKC activity in the cell membrane fraction within the
first 2 min of activation (Fig. 6 Upper). Addition of HIV
proteins or PHA to normal PBMC also induced membrane
PKC activity within 2-5 min of activation. This initial mem-
brane PKC activity decreased to about baseline after 10 min
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F1G. 5. Chemically blocking intracellular cAMP generation (ade-
nylate cyclase) reverses the effect of HIV on T-lymphocyte prolif-
eration. Exposure of normal PBMC to HIV proteins for 60 min
followed by washing impaired cell proliferation in response to PHA
(middle column). When ddAdo (an inhibitor of adenylate cyclase)
was added subsequently for 10 min (followed by washing) to these
cells after HIV exposure the effect of HIV proteins was mostly
reversed (right column) in five of five experiments (P < 0.01). ddAdo
alone, in a concentration of 10 ng/ml as used in this experiment, had
only a minor and variable effect on PBMC (the response to PHA
increased in two experiments, decreased in two experiments, and did
not change in one experiment).
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(Fig. 6 Upper). This increase/decrease in membrane PKC
activity is similar to what has been reported for activation
with other mitogens (23). A 5-min incubation was used for
subsequent experiments. Again, carefully separated T cells
were also tested and showed similar results (P < 0.01). In two
experiments PKC activity increased after addition of HIV for
5 min from 0.1 = 0.0 (mean + SEM) to 5.0 = 0.7 pmol per 10¢
PBMC.

HIV Impairs Subsequent PHA-Induced Membrane Trans-
location of PKC. Normal PBMC were exposed to HIV
proteins for 10 min prior to PHA activation (5 min). The
PHA-induced membrane PKC activity obtained at 5 min after
exposure to HIV proteins was clearly lower than with PHA
induction alone (four of four experiments) (P < 0.05) (Fig. 6
Lower). When the cells were stimulated with the direct PKC
activator PMA, pretreatment with HIV had less and more
variable effect (decreased in three of four experiments) (Fig.
6 Lower).

HIV-Induced Impairment of Membrane PKC Activity Is
Similar to That Induced by Cholera Toxoid. In three experi-
ments, membrane PKC activity induced by PHA was re-
duced from 6.6 = 2.0 (mean = SEM) to 3.1 + 0.9 pmol/min
per 106 PBMC by 10-min exposure to HIV or to 4.1 + 1.3
pmol/min per 105 PBMC when cells were exposed to cholera
toxoid (values decreased in three of three experiments but
statistical significance was not reached due to variability
between experiments). The level in nonstimulated cells was
1.3 = 0.2 pmol/min per 10 PBMC. The HIV-induced signals,
therefore, reduce subsequent induction of membrane PKC

" activity to the same degree as the well-characterized PKA/

cAMP inducer cholera toxoid (24).

Activation time, min

32P incorporation, pmol/min per million PBMC
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F1G.6. HIV proteins induce lymphocyte membrane PKC activity
and impair subsequent PHA-induced membrane PKC activity. (Up-
per) Addition of PMA to normal PBMC induced a lasting PKC
activity, whereas addition of HIV proteins or PHA induced an
increase in membrane PKC activity reaching a maximum after 2-5
min and then decreasing. A 5-min incubation was chosen for further
studies. (Lower) Induction of PKC activity by HIV, PHA, and PMA
was confirmed in four of four experiments (P < 0.01). Exposure of
PBMC to HIV for 10 min prior to stimulation with PHA (HIV +
PHA) clearly decreased the ability of PHA to induce membrane PKC
activity in four of four experiments (P < 0.05). When cells were
stimulated with PMA, pretreatment with HIV had less and more
variable effect (decreased in three of four experiments, not signifi-
cant). Each column represents mean and SEM of four experiments.
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DISCUSSION
In this paper the impairment of T-lymphocyte proliferation by
HIV proteins is shown to be an active process mediated by
the same biochemical processes that are involved in normal
lymphoid regulation. In particular, we demonstrate the in-
volvement of the inhibitory cAMP/PKA pathway in the
proliferative impairment induced by HIV proteins.

That HIV proteins induce signals in T cells was shown by
the lasting activation of tyrosine kinases in both CD4 and
CD8 T cells immediately after exposure to HIV proteins. The
finding that HIV proteins induce phosphorylation of proteins
of various sizes is consistent with activation of many PTKs
and is similar to what is seen after stimulation with PHA.
More than seven human lymphoid PTKs have been de-
scribed, and both inhibitory and activating properties have
been attributed to them (20).

The signals that HIV proteins induce in T lymphocytes lead
to induction of two functionally well-characterized serine/
threonine kinases with opposite functions. PKC activation
promotes cell proliferation (20, 25-30), whereas PKA, in the
presence of cAMP, leads to inhibition of proliferation (26,
27). HIV proteins were shown not only to induce PKA in
normal PBMC and T cells but also to induce increased
cytoplasmic cAMP, which is necessary for PKA activity.
cAMP is generated by the membrane-bound enzyme adenyl-
ate cyclase (30, 31). cAMP/PKA is also induced by PHA,
since it is part of the network of activating/inhibiting pro-
cesses following normal lymphocyte activation (27). PKC is
normally present in the cytoplasm and translocates to the
plasma membrane after activation with 1,2-diacylglycerol,
although other molecules such as arachidonic acid are also
able to activate PKC (32). HIV proteins induce PKC activity
although they do not induce phospholipid metabolism (7). A
similar activation pattern has been reported for interleukin 2
(IL-2) in mitogenic concentrations. Like HIV, IL-2 activates
PKC without inducing inositolphospholipid metabolism or
elevating intracellular calcium concentration (33, 34).

HIV proteins do not induce cell proliferation. As described
above, both PHA and HIV proteins induce cell activation
that leads to induction of protein kinases. HIV-induced cell
activation differs from PHA-induced cell activation in that
PHA induces inositolphospholipid metabolism and increases
intracellular Ca2*, whereas HIV does not (7). The difference
may explain why HIV exposure does not lead to cell prolif-
eration. Induction of anergy is well known as a part of normal
dynamic immune activation (35).

HIV-induced changes are responsible for T lymphocytes
becoming refractory to subsequent reactivation. In particu-
lar, an increased intracellular level of cAMP induced by HIV
may contribute to the decreased proliferation when cells are
subsequently stimulated. Decreased cell proliferation in re-
sponse to increases in intracellular cAMP and cAMP/PKA
activity is well described (27, 31). In this and other studies
(24, 36) induction of intracellular cAMP with cholera toxoid
or addition of a stable form of cAMP (Br-cAMP) to normal
PBMC efficiently impaired proliferation in response to PHA.
The data are also consistent with a report showing that cAMP
blocks progression but not initiation of T-cell proliferation
(31). Strong evidence for the involvement of cAMP/PKA
activity in HIV-induced impairment of T-lymphocyte prolif-
eration is that addition of ddAdo, an inhibitor of adenylate
cyclase, reversed the effect of HIV proteins and restored cell
proliferation. Increases of cAMP have also been shown in
cell lines after 4 days of infection with HIV (37).

It is difficult to prove that the in vivo and in vitro defects
are the same. However, a study of intracellular cAMP
showed a 4-fold greater mean level in HIV-seropositive
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subjects without AIDS than in controls (38). The finding of
increased cAMP in HIV-infected subjects supports the view
that the cellular impairment found in vivo has metabolic
derangements similar to those shown here in vitro and is
induced by HIV proteins.
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