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The acquired immunodeficiency syn-
drome (AIDS) and AIDS-related condi-
tions are characterized by a progressive
loss of immunity. The spectrum of
immunologic abnormalities is broad. One
of the most prominent features of the
disease is the functional depression and
different degree of depletion of CD4*
lymphocytes. The causative agent, the
human immunodeficiency virus type-1
(HIV-1), possesses a highly specific
tropism for cells carrying the CD4 recep-
tor (1-4). Thus, its main targets are
lymphocytes and cells of the mono-
cyte/macrophage lineage (5-10) including
follicular dendritic cells (11-14) and Lan-
gerhans cells (15,16).

Because of the central role of CD4+
lymphocytes in the immune regulation,
their loss and impaired function explain
many immune disorders observed in
HIV-1 infection. The CD4* T-cell
subset was originally designated as
"helper" cells because they were found to
be critical to in vitro activation, matura-
tion of, and antibody secretion by B-
cells. Paradoxically, HIV-1 infected in-
dividuals with diminished CD4* lympho-
cytes show a variety of abnormalities in-
dicating an in vivo B-cell activation
(17-24). The patients have hyperglobu-
linemia; as peripheral B-cells secrete
spontaneously increased levels of immu-
noglobulins. The mitogenic responses to
T-dependent as well as T-independent

mitogens are also impaired. In addition,
they have an impaired ability to mount
both primary and secondary humoral re-
sponses. Disturbance of CD4* lympho-
cytes cannot account for these abnormali-
ties alone because impaired B-cell func-
tion has been demonstrated even in
asymptomatic individuals with preserved
T-cell function and counts (23).

The mechanism(s) of this B-cell
imbalance is not known, although, infec-
tion with Epstein-Barr virus (EBV) or
cytomegalovirus (CMYV) has been pro-
posed. However, there are data suggest-
ing that hyperglobulinemia can be inde-
pendent of EBV infection or reactivation
(24), and in HIV-infected persons, cells
spontaneously secreting immunoglobulins
are not EBV infected (25,26). Further-
more, in pediatric or transfusion-related
HIV-infection, B-cell abnormalities have
been observed even in the absence of
EBV or CMYV infection (27,28).

Recent studies indicate that crude
viral preparations of HIV-1 or live HIV
are potent B-cell activators in vitro
(29-31). It is known that the most con-
stant finding in HIV-1-induced persistent
generalized lymphadenopathy (PGL) is an
exuberant activation of the B-dependent
zone of the lymph node (for review, see
ref. 32). The histologic manifestation of
this activation is a longstanding germinal
center reaction with large irregularly
shaped follicles. Therefore, the analysis
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Fig. 1. Cell-free HIV-1 particles in a germinal center of a lymph node. PGL.

Original magnification: x45,000.

L ' v

Fig. 2. Part of a germinal center of a lymph node removed 2 weeks after
seroconversion. Processes of FDC (asterisks) show no ultrastructural changes.
The number of virions (arrow) is low. Original magnification: x20,000.

of germinal centers (GC) in PGL can
offer valuable data bearing on the patho-
genesis of the disease.

Presence of HIV-1 in GC

In 1984, Armstrong and Horne re-
ported that GC from patients with PGL
or AIDS-related Kaposi’s sarcoma harbor
retrovirus particles (33). Soon after, we
confirmed this finding (34). The virions
are located between the cell processes of

follicular dendritic cells (FDC) (Figs.
1-4). This consistent finding has led to
emphasis on the diagnostic value of elec-
tron microscopic examination of lymph
nodes from patients with PGL or AIDS
(32,35,36). Virions can be seen in GC
early in the course of infection. We
examined lymph nodes obtained 2 to 6
weeks after seroconversion. At this time,
GC already contained a few virions and
no ultrastructural changes of FDC could
be detected (Fig. 2). In contrast, GC in
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Fig. 3. Extensive proliferation of dendrites (D) of FDC. Many cell-free virions
(arrows). Compare with Fig. 2. Longstanding PGL. Original magnification:
x15,000.

Fig. 4. Degenerating FDC (asterisk) in longstanding lymphadenopathy. Retro-
virus particles (arrow) in vicinity of degenerating FDC. Lymphocyte (L) without
signs of cell damage. Original magnification: x20,000.

lymph nodes with longstanding lympha- The intrafollicular accumulation of
denopathy harbor many HIV. Hyperpla- HIV-1 during the course of disease is
sia (Fig. 3) and different degrees of probably due to continuous virus trap-
degeneration of FDC (Fig. 4 and 5) ping and virus production inside the GC.
accompany virus accumulation. Germinal centers contain a considerable

Permission granted for single print for individual use.
Reproduction not permitted without permission of Journal LYMPHOLOGY.



it

Fig. 5. Severe destruction of FDC network. Immunoperoxidase staining with
monoclonal antibody to FDC. Original magnification: x100.

number of cells carrying the CD4 recep-
tor. There are CD4*+ T-cells, the average
percentage of which can be as high as
25% of the total cell population of GC.
Macrophages and FDC also express the
CD4 molecule at a low density (37).
Therefore, it is not surprising that bud-
ding profiles on FDC (11,12,14,38), lym-
phocytes and macrophages (14) have been
demonstrated in the GC.

Retrovirus particles persist in GC of
infected individuals for long periods of
time. Examining repeated biopsy speci-
mens, we detected HIV-1 ultrastructurally
both in the first and the second lymph
nodes removed at up to 25 month inter-
vals (14,39).

Presence of structural proteins of
HIV-1 in GC

Further evidence for infection of
GC can be achieved by immunostaining
of frozen sections with monoclonal anti-
bodies against gag proteins, pl8, p24
(13,32,40-42) or with anti-gpl60 of HIV-
1 (39). Each of these viral proteins can
be visualized in GC. The reaction is
highly sensitive and can be used for
diagnostic purposes (13,32,40,42). In our
material, delicate aggregates of gag pro-
teins were seen as early as 2 weeks after
seroconversion (Fig. 6). In longstanding
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lymphadenopathy the amount of struc-
tural proteins of HIV-1 is high and it
can be detected as long as GC or rem-
nants thereof are present (40,42). Double
label studies demonstrate a close associa-
tion of viral proteins with FDC
(13,40,42). The FDC exhibit different
degrees of destruction, and deposits of
viral proteins can regularly be seen in the
neighborhood of FDC destruction.

The mechanism responsible for the
destruction of FDC in HIV-1 infection is
probably complex. Virus replication in
FDC can result in cytolysis. Cytotoxic
T-cells could also have a role in this
process. In PGL, CD8* lymphocytes are
often arranged in groups corresponding
to the FDC destruction (43). When
double immunolabeling is applied, cells
reacting with gag proteins can be seen in
the centers of these clusters of CD8*+ T-
cells (42).

Presence of cells expressing HIV -1
RNA in GC

A highly sensitive 35S-labeled RNA
probe of HIV-1 has been developed by
Harper et al. (44,45). Results of in situ
hybridization with this probe revealed
that the majority of cells expressing viral
RNA were located in the GC (39,46).
Performing in situ hybridization on serial
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Fig. 6. Delicate deposits of p24 of HIV-1 (arrow) in a gefmmal center 2
weeks after seroconversion. Alkaline phosphatase anti-alkaline phosphatase immu-
noreaction. Original magnification: x100.

F. 7. Demonstration of a cell with RNA of HIV-1 (arrow)uinya ger;ninéZ
center by in situ hybridization. Note the different diffuse grain density in ger-
minal center (GC) and mantle zone (MZ). Original magnification: x400.

sections from lymph nodes, we noted
that labeled cells often represented in-
fected foci as judged by positivity in the
same area of GC on subsequent cutting
levels. In addition to hot spots, a rela-
tive high grain density diffusely distribu-
ted over the GC could be seen (Fig. 7).
Because the background grain count over
the mantle zone or lymphoid parenchyma
was low and electron microscopically
many free virions could be found, we
assumed that the relatively high diffuse
grain density is due or partly due to
these virus particles.

CONCLUSIONS

The data presented indicate that the
GC of lymph nodes, and probably those
of other organized lymphoid tissues, are
infected by HIV-1 and represent an
important virus reservoir where the caus-
ative agent can persist indefinitely. It is
reasonable to assume that FDC play a
central role in this process. These antigen
trapping, presenting and retaining cells in
performing their physiologic function
capture HIV-1 early in the course of
disease. Deposited on FDC, the virus
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finds a sufficient number of permissive
cells to infect and destroy. As the disease
progresses, virus accumulation and con-
tinuous disintegration of GC occur.
HIV-1 and viral proteins held on
the antigen presenting cells could act
immunologically in a similar fashion as in
vitro and be responsible for the B-cell
activation and its morphologic manifesta-
tion, the exuberant follicular hyperplasia
in PGL. Continuous loss of FDC could
contribute to the diminished ability of
HIV-1 infected patients to develop spe-
cific humoral immunity to neoantigens.
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