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Figure 226-25 Model for the role of co-receptors CXCR4 and
CCR5 in the efficient binding and entry of X4 (A) and R5 (B) strains of
HIV-1, respectively, into CD4+ target cells. Blocking of this initial event
in the virus life cycle can be accomplished by inhibition of binding to
the co-receptor by the normal ligand for the receptor in question. The
ligand for CXCR4 is stromal cell–derived factor (SDF-1); the ligands for
CCR5 are RANTES, MIP-1α, and MIP-1β.

particularly involving the accumulation of glycosylation sites (see
“Early Events in HIV Infection: Primary Infection and Initial
Dissemination of Virus,” above).
CELLULAR TARGETS OF HIV
Although the CD4+ T lymphocytes and to a lesser extent CD4+ cells
of monocyte lineage are the principal targets of HIV, virtually any
cell that expresses the CD4 molecule together with co-receptor molecules (see above and below) can potentially be infected with HIV.
Circulating DCs have been reported to express low levels of CD4, and,
depending on their stage of maturation, these cells can be infected with
HIV. Epidermal Langerhans cells express CD4 and have been infected
by HIV in vivo, although, as has been shown in vivo for DCs, FDCs,
and B cells, these cells are more likely to bind and transfer virus to
activated CD4+ T cells than to be productively infected themselves.
In vitro, HIV has been reported also to infect a wide range of cells
and cell lines that express low levels of CD4, no detectable CD4, or
only CD4 mRNA. However, since the only cells that have been shown
unequivocally to be infected with HIV and to support replication of
the virus are CD4+ T lymphocytes and cells of monocyte/macrophage
lineage, the physiologic relevance of the in vitro infection of these
other cell types is unclear.
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Of potentially important clinical relevance is the demonstration that
thymic precursor cells, which were assumed to be negative for CD3,
CD4, and CD8 molecules, actually do express low levels of CD4 and
can be infected with HIV in vitro. In addition, human thymic epithelial
cells transplanted into an immunodeficient mouse can be infected with
HIV by direct inoculation of virus into the thymus. Since these cells
may play a role in the normal regeneration of CD4+ T cells, it is possible that their infection and depletion contribute, at least in part, to
the impaired ability of the CD4+ T cell pool to completely reconstitute
itself in certain infected individuals in whom cART has suppressed
viral replication to <50 copies of HIV RNA per milliliter (see below).
In addition, CD34+ monocyte precursor cells have been shown to be
infected in vivo in patients with advanced HIV disease. It is likely that
these cells express low levels of CD4, and therefore it is not essential to
invoke CD4-independent mechanisms to explain the infection.
ABNORMALITIES OF MONONUCLEAR CELLS
CD4+ T Cells The primary immunopathogenic lesion in HIV infection
involves CD4+ T cells, and the range of CD4+ T cell abnormalities
in advanced HIV infection is broad. The defects are both quantitative and qualitative and ultimately impact virtually every limb of the
immune system, indicating the critical dependence of the integrity of
the immune system on the inducer/helper function of CD4+ T cells.
In advanced HIV disease, most of the observed immune defects can
ultimately be explained by the quantitative depletion of CD4+ T cells.
However, T cell dysfunction can be demonstrated in patients early
in the course of infection, even when the CD4+ T cell count is in the
low-normal range. The degree and spectrum of dysfunctions increase
as the disease progresses, reflecting the range of CD4+ T cell functional
heterogeneity, especially in lymphoid tissues. One of the first sites of
intense HIV replication is in the GALT where CD4+ TH17 cells reside;
they are important for host defense against extracellular pathogens in
the intestinal mucosa and help maintain the integrity of the gut epithelium. In HIV infection, they are depleted by direct and indirect effects
of viral replication and cause loss of gut homeostasis and integrity, as
well as a shift to a more TH1 phenotype. Studies have shown that even
after many years of cART, normalization of the CD4+ T cells in the
GALT remains incomplete. In lymph nodes, HIV perturbs another
important subset of the CD4+ helper T lineage, namely TFH cells (see
“Lymphoid Organs and HIV Pathogenesis,” above). TFH cells, which
are either derived directly from naïve CD4+ T cells or other TH precursors, migrate into B follicles during germinal center reactions and provide help to antigen-specific B cells through cell–cell interactions and
secretion of cytokines to which B cells respond, the most important
of which is IL-21. As with TH17 cells, TFH cells are highly susceptible
to HIV infection. However, in contrast to TH17 and most other CD4+
T cell subsets, the number of TFH cells is increased in lymph nodes
of HIV-infected individuals, especially those who are viremic. It is
unclear whether this increase is helpful to responding B cells, although
the likely outcome is that the increase in numbers is detrimental to the
quality of the humoral immune response against HIV (see “Immune
Response to HIV,” below). In addition, defects of central memory cells
are a critical component of HIV immunopathogenesis. The progressive loss of antigen-specific CD4+ T cells has important implications
for the control of HIV infection. In this regard, there is a correlation
between the maintenance of HIV-specific CD4+ T cell proliferative
responses and improved control of infection. Essentially every T cell
function has been reported to be abnormal at some stage of HIV
infection. Loss of polyfunctional HIV-specific CD4+ T cells, especially those that produce IL-2, occurs early in disease, whereas IFNproducing CD4+ T cells are maintained longer and do not correlate
with control of HIV viremia. Other abnormalities include impaired
expression of IL-2 receptors, defective IL-2 production, reduced
expression of the IL-7 receptor (CD127), and a decreased proportion
of CD4+ T cells that express CD28, a major co-stimulatory molecule
necessary for the normal activation of T cells, which is also depleted
as a result of aging. Cells lacking expression of CD28 do not respond
normally to activation signals and may express markers of terminal
activation including HLA-DR, CD38, and CD45RO. As mentioned
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