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HE DIsCOVERY (nearly fifteen years ago)

that CD4 is the primary receptor that
HIV uses to enter T cells provided a neat
solution to the question of why CD4* T
cells are progressively lost during HIV
disease. According to this theory, HIV in-
fects CD4* T cells, then lyses them during
the productive phase of the viral life
cycle. A direct corollary of this hypothe-
sis is that removal of virus from the host
should restore CD4* T cells, leading to
immunological recovery of the infected
person. In early 1995, two Nature pa-
pers*? purported to show exactly this re-
sult. Effective anti-retroviral therapy
caused immediate and large increases in
the numbers of CD4* T cells—putatively,
by reducing viral-induced cytolysis while
maintaining high levels of CD4* T cell
proliferation. These reports received
enormous publicity in the popular press,
with vivid portrayals of a ‘massive im-
munological war’ in which billions of
CD4* T cells were produced and de-
stroyed daily.

However, there has been considerable
debate about this simple hypothesis. The
Nature papers ignited a heated contro-
versy that resulted in publication of sev-
eral well-designed and informative
studies, which raised serious doubts
about this ‘war’. In this issue of Nature
Medicine, reports by Pakker et al.’ and
Gorochov et al.* provide the final nails in
the coffin for models of T cell dynamics
in which a major reason for changesin T
cell numbers is the death of HIV-infected
cells. The papers present extensive data
on the remodeling of the T cell compart-
ment in HIV-infected individuals after
treatment with Highly Active Anti-
Retroviral Therapy (HAART, a combina-
tion of three antiviral drugs including at
least one protease inhibitor).

Through the early stages of HIV dis-
ease, numbers of CD4* T cells decline
whereas the total CD8* T cell compart-
ment expands (see figure). However, the
recent application of flow cytometric
techniques that accurately identify sub-
sets of T cells, showed that this increase
in the CD8* T cell compartment is com-
prised entirely of memory and activated T
cells®, In fact, within an individual, naive
CD8* T cells decline at the same rate as
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naive CD4" T cells®. Because CD8*'T cells
cannot be infected by HIV, and naive
CD4" T cells are relatively resistant to pro-
ductive HIV infection’”, these declines
cannot be directly attributed to HIV-
mediated cytolysis. In the later stages of
disease, both memory CD8* and memory
CD4* T cells decline at similar rates®.
Activated T cells are normally found
only in peripheral tissues. Their expan-
sion in the blood of HIV-infected adults
is indicative of an active immune re-
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Getting to the HAART of T cell dynamics

Detailed analysis of the dramatic T cell changes accompanying HIV disease point to homeostatic dysregulation as a
primary cause of immunodeficiency (pages 208-214 and 215-221).

sponse even during the later stages of dis-
ease. The increase in the release of these
cells into the blood during HIV disease
might be caused by, for example, pro-
gressive damage to lymph node architec-
ture, or homeostatic mechanisms that
attempt to maintain peripheral T cell
numbers to compensate for the loss of
naive and memory T cells.

Within weeks after initiation of HAART
therapy, there are significant increases in
the numbers of B cells, and of CD4* and
CD8" T cells in the blood. More refined
immunophenotyping shows that the T
cell increases are restricted to memory
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T cell dynamics before and after successful HAART (highly active anti-retroviral therapy). (Top)
Naive T cells, matured from precursors in the thymus, represent about 50% of T cells in the blood
of healthy adults. Upon exposure to antigen, these cells divide and differentiate into activated
effector cells in lymph nodes and other peripheral tissues. After resolution of the response, most
activated T cells die by apoptosis, but a few resting memory T cells recirculate through the blood.
(Bottom) Both naive CD4* and naive CD8* T cells decline during HIV disease progression, even
though both are resistant to productive HIV infection. Memory CD4* (and later, memory CD8%) T
cells also decline at similar rates. Activated CD8* cells increase throughout disease; activated CD4*
cells are typically only found in the late stages of disease. Successful HAART reduces viral burden
>100-fold, relieving the immune response and causing many cells trapped in lymph nodes to
become redistributed to the blood. Note that activated T cells have a very short lifespan (a few
days) compared to memory or naive T cells (which have lifespans of up to many years).
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populations. In contrast, naive T cells and
Natural Killer (NK) cells show no increase
in blood after therapy. Importantly, the
cell types that show HAART-induced in-
creases (B cells and memory T cells) are
those that can maintain long-term resi-
dence in lymph nodes. Naive T cells and
NK cells do not dwell in nodes, and their
numbers in blood do not immediately re-
spond to HAART.

As Pakker et al.? argue in their paper,
these data are powerful evidence that
the increase in cell numbers observed
shortly after initiation of HAART are
caused by T cell redistribution and not T
cell proliferation. The redistribution hy-
pothesis—summarized by Mosier'® and
Sprent and Tough" in response to the
two Nature papers'’—states that during
active viral replication and the concomi-
tant cellular immune response, a large
number of B and T cells may be ‘trapped’
in peripheral sites (for example, by anti-
gen, cytokine, or chemokine signals).
After initiation of HAART, when HIV is
effectively removed from the system, the
immune response begins to resolve, and
cells pour out of the inflamed lymph
nodes back into the blood.

Pakker and colleagues take this hy-
pothesis one step further, and suggest
that the degree of trapping increases as
disease progresses (closely following on
Mosier’s prediction'® that trapping in-
creases as viral load increases). This sim-
ple hypothesis explains why the
response to HAART tends to be greater in
individuals with lower CD4* T cell
counts—a finding that could not be ex-
plained by models of proliferative expan-
sion (in which recovery should be
proportional to the number of cells).

Functional recovery of the T cell com-
partment is only complete when the
repertoire of T cell receptors is restored,
so that potentially all antigens can be
recognized. The decrease in naive and
memory T cell populations during dis-
ease progression means that the reper-
toire becomes increasingly restricted,
finally resulting in immunodeficiency.

Gorochov and co-workers* confirm the
findings of others' that the T cell recep-
tor repertoire in HIV-infected individuals
is significantly perturbed from the nor-
mal distribution found in healthy adults.
This perturbation is caused by two dis-
tinct mechanisms: a loss of unique T cell
clones (repertoire restriction), and an ex-
pansion of antigen-specific clones caus-
ing an over-representation of certain
receptor types.
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These investigators* further show that
after successful therapy (that is, viral load
reduction in response to HAART), the
perturbation in the CD4 (but not CD8)
repertoire is reduced. (Connors et al.?
were unable to detect such a normaliza-
tion in their subjects). The apparent in-
crease in diversity (once virus s
removed) most likely reflects the death
of activated T cells, which include
highly-expanded HIV-specific clones, re-
sulting in a net normalization of the T
cell receptor repertoire.

Perhaps the most exciting prospect is
that the repertoire is becoming diversi-
fied through production of naive T cells.
As first shown by Autran and colleagues"
and confirmed by Pakker et al.?, the num-
ber of naive T cells slowly increases over
a six month period after initiation of
HAART, demonstrating for the first time
that this therapy may indeed allow for T
cell reconstitution. Notably, this recon-
stitution occurs only in individuals who
show reductions in viral load in response
to HAART. It is also likely that failure of
HAART, which occurs in many patients
over time, will also be accompanied by a
re-initiation of cell losses and repertoire
restriction.

There are several important lessons to
be learned from these experiments. First
and foremost, we must always remember
that the blood is an imperfect reflection
of the immune system. It is not represen-
tative of peripheral tissues, and distribu-
tions of cell types between blood and
those sites change dynamically during
disease progression. This should come as
no surprise to AIDS researchers, as
Rosenberg and colleagues showed us
nearly a decade ago that the drop in
CD4* T cell counts in blood is far greater
than in the lymph nodes'*. Furthermore,
the end-stage of disease is signaled by an
inverted CD4/CD8 ratio in the lymph
nodes, an event which happens much
later than in the blood™.

Second, we must recognize that it is
critical to measure, in as much detail as
possible, the dynamics of all of the lym-
phocyte subsets during disease and ther-
apy. Certainly, had the impact of HAART
on the CD8* T cell compartment been re-
ported in the Nature papers'?, the im-
munological interpretations of the results
would have been completely different.

Third, it is now apparent that we must
pursue therapies aimed at immune re-
constitution by targeting mechanisms of
T cell production and homeostasis. A
combination of HAART, to block viral

replication, with a therapy that promotes
active production of naive T cells (and a
diversification of the T cell repertoire)
will be critical for restoring long-term
health in HIV-infected individuals.

Finally, the facts (1) that HIV uses CD4
as its primary receptor, and (2) that CD4*
T cell numbers decline during AIDS, are
only an unfortunate coincidence that
have led us astray from understanding
the immunopathogenesis of this disease.
HIV leads to the progressive destruction
of all T cell subsets, irrespective of CD4
expression. Ultimately, AIDS is a disease
of perturbed homeostasis. Only when we
understand how the body regulates T cell
numbers will we be able to find the
mechanism(s) by which HIV destroys the
immune system.
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