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In Thailand, the predominant HIV subtype is E, rather than subtype B as in North America and Europe. Subtype
E has the ability to replicate in vitro in Langerhans cells. We hypothesized that this cell type might constitute a
reservoir for the HIV virus in infected lymph nodes. We examined lymph nodes from 25 HIV-1 subtype E-infected
patients to determine the immunophenotype of HIV-1-infected cells, their numbers and their distribution.
The presence of HIV was detected either by in situ reverse transcriptase-polymerase chain reaction or
immunoperoxidase. Cell identity was determined by double labelling using alkaline phosphatase-based
immunohistochemistry. The majority of HIV-infected cells in the lymph nodes were Langerhans cells
(CD1aþS100þ ) and Langerhans-related dendritic cells (p55þS100þ ). These cells were located in the
paracortical areas of lymph nodes, with a few cells scattered at the edges of germinal centers, but were absent
from germinal centers themselves, in contrast to the reported distribution of subtype B virus. In addition,
multinucleated giant cells were significantly more common in HIV-infected nodes (64%) compared to controls
(4%) (P¼ 0.00002). In conclusion, Langerhans histiocytes and related cells are reservoirs for HIV subtype E in
lymph nodes. Disrupting the pathway of infection of Langerhans cells and related cells may be a viable strategy
to interfere with transmission of HIV subtype E.
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There are at least 11 different genotypes (clades) of
HIV-1, based on differences in the envelope-coding
region of the virus. Much of the knowledge of HIV
infection and cellular distribution comes from
studies of subtype B virus infection, the major
subtype in the Western world.1 However, increas-
ingly, it is recognized that HIV subtypes differ in
their biologic properties1 and it is questionable
whether our understanding of the transmission,
pathogenesis and tissue involvement in HIV-1
subtype B infection can be generalized for all

subtypes. While HIV-1 subtype E accounts for
B10% of cases worldwide, in Thailand more than
90% of sexually transmitted HIV-1 cases are subtype
E2–4 and heterosexual transmission is the major
mode of spread via a mucosal route.5–7 It has been
calculated that heterosexual transmission occurs
five times more frequently per heterosexual expo-
sure in Thailand compared to the US.8 It has
therefore been suggested that there is an increased
propensity for transmission of subtype E as opposed
to subtype B during heterosexual exposure.8 A better
understanding of subtype-specific behavior would
facilitate the development of therapies and vaccines
for the different subtypes of HIV-1 disease.

An increased ability of subtype E virus to replicate
in epithelial Langerhans cells has been demon-
strated using an in vitro system of Langerhans cells
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purified from epidermis and infected with subtype
B or E virus.7 As these cells may be among the first to
encounter the virus after mucosal transmission, an
increased ability of the virus to grow in Langerhans
cells might enhance virus transmission and could
contribute to the epidemiologic findings of in-
creased heterosexual transmission in Southeast
Asia. In a previous study, we showed that Langer-
hans cells and related dendritic cells located in
vaginal mucosa of HIV-infected patients were
infected with subtype E.9 We postulated that the
increased propensity for heterosexual transmission
of subtype E might be related to vaginal inflamma-
tion, leading to the accumulation of Langerhans
cells and related dendritic cells, which, once
infected with HIV, could then act as a reservoir for
further viral transmission.9

In a separate study, we noted that in lymph nodes
from HIV subtype B-infected patients, the virus
localized to cells within the germinal centers,
demonstrating a distinctive reticular pattern by
immunohistochemistry.10 In contrast, HIV subtype
E was distributed differently in lymph nodes of
infected patients, as clusters of cells and as
individually scattered cells in the interfollicular
regions, with only a few cells around the edge of
germinal centers. This study was based on immuno-
histochemical detection of HIV and did not include
identification of which cell types were infected.
Hence, in the present study, we combined the
use of the in situ polymerase chain reaction (PCR)
with immunohistochemistry to elucidate the immu-
nophenotypes of the cells acting as reservoirs in
HIV-1 subtype E-infected lymph nodes. Based
on our results with vaginal mucosal biopsies, we
postulated that the cell reservoirs in lymph nodes
would also be Langerhans cells and related dendri-
tic cells.

Materials and methods

Study Patients

Chart review allowed identification of 25 HIV-
seropositive patients and a control group of 25
patients, all of whom had lymph node biopsies
performed. The control group had not been tested
for HIV serology and belonged to a ‘low-risk’ group
with no history of other infections or autoimmune
diseases. Lymph node biopsies in this group had
been obtained to rule out other diseases. Clinical
categories of the 25 HIV-positive patients were
classified based on the 1993 US Center for Disease
Control revised classification system, which is
based on both clinical manifestation and CD4
lymphocyte counts.11 HIV serology was tested using
a commercial ELISA assay (Abbott Laboratories,
Illinois, USA) and SERODIA-HIV kit (Fujirebio Inc.,
Tokyo, Japan), and confirmed by Western blotting in
patients in clinical categories A and B.

HIV Subtyping

HIV subtyping was carried out using the PCR on
DNA extracted from peripheral blood samples and
tissue sections according to published methods.12

The portion of the genome amplified included the
dimerization initiation site (DIS) loop sequence
present in infectious recombinant provirus. The DIS
loop and flanking sequences were amplified from cell
lysates by using a 27 bp upstream (sense) primer DIS1
(50-AAATCTCTAGCAGTGGCGCCCGAACAG-30) and
a 24 bp downstream (antisense) primer DIS2 (50-
CTCTCCTTCTAGCCTCCGCTAGTC-30) based on
published sequences.12 A 165-bp PCR fragment
was generated after 30 cycles of PCR amplification.
A 10ml sample of the PCR mixture was subjected
to digestion with BssHII, which recognizes the
sequence GCGCGC, found in HIV-1 subtype B but
not E, and with ApaLI, which recognizes the
sequence GTGCAC, found in HIV-1 subtype E but
not B.12 Positive controls were known infected
peripheral blood mononuclear cells of both subtypes.

Histopathology

All 50 lymph nodes were removed from the cervical
and supraclavicular regions. Lymph node biopsies
were sliced into 2–3 mm sections and fixed in 10%
neutral-buffered formalin. After overnight fixation,
the blocks were routinely processed and embedded
in paraffin. Sections (4 mm) from the paraffin blocks
were stained with hematoxylin and eosin, and with
Gram (Brown–Hopps), mucicarmine, periodic acid-
Schiff, Warthin–Starry, Gomori methenamine silver
and Ziehl–Neelson stains to evaluate for infections.
The histological findings were categorized accord-
ing to Chadburn et al13 as one of explosive follicular
hyperplasia (EFH), follicular involution, mixed EFH
and follicular involution, or lymphocyte depletion.
‘EFH’ is recognized by markedly hyperplastic,
irregularly shaped follicles in both the cortex and
medulla. ‘Follicular involution’ consists of small,
hypocellular and frequently hyalinized follicles,
with hyperplastic paracortical areas and prominent
intrafollicular vessels. In ‘lymphocyte depletion’,
there is a total absence of follicular areas and the
paracortical zone, with prominence of the medullary
cords and sinusoids. The pathologic evaluation of
lymph nodes was based on the morphologic features
described by O’Murchadha et al14 and scored as
‘present’ or ‘absent’. The relative incidence of each
feature in the HIV-positive and control groups was
compared by using Fisher’s exact probability test
and w2 test with Yates’ correction.15

Immunohistochemistry

All HIV-positive lymph nodes and all control
lymph nodes were examined. Sections (4 mm) from
formalin-fixed, paraffin-embedded tissue blocks

HIV subtype E in lymph nodes
L Bhoopat et al

256

Modern Pathology (2006) 19, 255–263



were applied to slides coated with 3-amino-propyl-
ethoxysilane. The sections were dewaxed in
xylene, treated with 3% hydrogen peroxide and
rinsed in phosphate-buffered saline. Microwave
antigen retrieval was performed in 10 mM citrate
buffer (pH 6.0) for 10 min and slides were cooled at
room temperature for 30 min. The sections were
then incubated with the primary antibody for 60 min
at room temperature, followed by a biotinylated
‘link’ antibody for 30 min (undiluted; LSAB kit,
Dako, Carpinteria, CA, USA), and then 10 min with
streptavidin–peroxidase reagent (undiluted; Dako).
Antibody binding was detected using diamino-
benzidene as the chromogen. Three different
antibodies to HIV were used to confirm the
immunostainng results. Monoclonal antibodies for
p24 gag protein were obtained from three sources:
Dako, used at 1:4 dilution; Research Diagnostics
Inc. (Flanders, NJ, USA), used at 1:2 dilution; and
Dr T Sata (National Institute of Health, Japan), used
at 1:2 dilution.

In Situ Reverse Transcriptase-PCR (In Situ RT-PCR)

All HIV-positive lymph nodes and all control lymph
nodes were examined. The RT step was carried out
first by combining 20 ml of specific master mix
containing 1� reaction buffer, 1 mM of each dNTP,
1 U of Rnasin, 1mM of antisense primer, 10 mM of
dithiothreitol and 1 U of Superscript II enzyme
(Gibco-BRL, Gaithersburg, MD, USA) in a sterile
1.5 ml microcentrifuge tube held on ice. In situ PCR
was then performed using 12.5 mM of primers: SK38
(sense) (50-ATA ATC CAC CTA TCC CAG TAG GAG
AAA T), SK39 (antisense) (50-TTT GGT CCT TGT
CTT ATG TCC AGA ATG C), TN01 (sense) (50-GGA
AGT GAC ATA GCA GG) and TN02 (antisense) (50-
CTA CAT AGT CTC TGA AGG G), 0.2 mM of each
dNTP, 0.15 U of Taq DNA polymerase and 1� PCR
buffer. Primers SK38 and SK39 contain sequences
shared by subtypes B and E, while primers TN01
and TN02 are specific for subtype E.16 The final
volume was 15 ml to allow the entire tissue section to
be covered, following which a glass coverslip was
added and sealed around the edge with clear nail
polish to prevent drying. The amplification process
was carried out using Hybaid in situ PCR thermo-
cycler (Franklin, MD, USA) under the following
conditions: 941C for 30 s, 611C for 1 min and 721C for
1 min, for 30 cycles. The coverslip was then
removed and the slide washed in 2� SSC for
2 min and PBS for a further 2 min. Next, the sections
were postfixed in freshly made 4% paraformalde-
hyde for 5 min, dehydrated in graded alcohol and
air-dried. Sections were then incubated overnight at
room temperature with the biotinylated probe, TN03
(50-ATC CTG GGA TTA AAT AAA ATA GTA AGA
ATG TAT AGC CC) that hybridizes to the PCR
reaction product. The TN03 probe was then visua-
lized by tyramide amplification using the TSA-

Indirect ISH kit (NEN Life Science Products, UK)
according to the manufacturer’s protocol. Briefly,
sections were blocked for 30 min in TNB buffer
at room temperature, then incubated for 30 min in
horseradish peroxidase-conjugated streptavidin,
followed by 5 min in biotin tyramide solution. For
visualization of the signal, sections were incubated
for 30 min in horseradish peroxidase-conjugated
streptavidin. Diaminobenzidine was used as the
chromogen and hematoxylin as a counterstain.

Double Labelling of Tissue Sections

Since none of the control lymph nodes gave any
positive signal for HIV, only the 25 HIV-positive
lymph nodes were examined by a double labelling
technique in order to determine the identity of HIV-
infected cells. This technique was based on a
previously described method.17 The first stain was
for HIV gag p24 by immunohistochemistry or HIV
RNA by in situ RT-PCR as described above. After
washing, a second primary monoclonal antibody
was applied, followed by an alkaline phosphatase-
conjugated goat anti-mouse IgG (Sigma, Singapore),
used at 1:100 dilution, for 30 min. Primary anti-
bodies were CD1a (monoclonal; Immunotech, Brea,
CA, USA), used at 1:4 dilution, CD3 (polyclonal;
Dako), used at 1:150 dilution, CD14 (monoclonal;
Novocastra, Newcastle, UK), used at 1:50 dilution,
CD20 (monoclonal; Dako), used at 1:1000 dilution,
CD45RO (monoclonal; Dako), used at 1:1000 dilu-
tion, S-100 protein (polyclonal; Dako), used at 1:200
dilution and p55 (monoclonal; Dako), used at 1:100
dilution. The slides were then washed in NaHCO3

(pH 8.3) for 10 min, followed by a 40 min incubation
period with the alkaline phosphatase substrate
composed of 5 mg fast BBN salt, 100 ml dimethylfor-
mamide, 1000 ml naphtholASMX alkaline phosphate
solution (Sigma), 5 ml levamisole (1.0 M) and 4.9 ml
0.1 M Tris buffer (pH 8.2). The slides were then
washed in tap water for 10 min and mounted.
Controls included (a) reversal of the chromogens
for reproducibility and (b) omission of the second
primary monoclonal antibody to demonstrate that
the second labelling system did not react with
antibodies already present as part of the first step.

Results

Patients

The clinical data for the HIV-positive patients are
presented in Table 1. Using the 1993 CDC revised
classification system, 15 of the 25 HIV-seropositive
cases (60%) were in group A with a presenting
symptom of persistent generalized lymphadenopa-
thy; seven cases (28%) were in group B; and three
cases (12%) were in group C. Patients in group B
presented with lymphadenopathy and conditions as
stated in Table 1, while group C patients showed
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AIDS indicators including tuberculosis, crypto-
coccosis and Pneumocystis carinii pneumonia. The
HIV-infected patients included 12 females and 13
males with an age range of 15–66 years (mean age of
35.2 years and median age of 34 years). All cases of
HIV infection were acquired by heterosexual contact
and all were subtype E. The control group consisted
of 10 female and 15 male patients with an age range
of 7–68 years (mean age of 36 years and median age
of 33 years). None of these patients tested positive
for HIV.

Histopathology

The lymph node findings in 25 HIV-seropositive
cases included 11 (44%) of EFH, seven (28%) of
mixed EFH/follicular involution, five (20%) of
follicular involution and two (8%) of lymphocyte
depletion. EFH was confined to group A, present in
11/15 or 73% of patients. Lymphoid depletion was
confined to group C, and was present in 2/3 or 67%
of cases. Patients in group B showed either mixed
EFH/follicular involution (3/7 or 43% of cases)
or follicular involution (4/7 or 57% of cases).
Specific lymph node biopsy findings are presented
in Table 2. Two features that were significantly more

frequent in HIV-seropositive cases were the presence
of giant cells (P¼ 0.00002) and mantle-zone loss
(P¼ 0.023). These giant cells varied in appearance
(number and location of nuclei and/or the amount of
cytoplasm), but most commonly included cells with
multiple nuclei clustering in the central portion of
the cytoplasm. They occurred predominantly in the
interfollicular areas, but in a few cases were also
identified within follicles. The presence of giant
cells was not associated with any particular pattern
of lymph node histology and was seen with all four
patterns.

Immunohistochemistry

All lymph node sections from HIV subtype E-
infected cases demonstrated HIV p24 gag protein
reactivity mostly in clusters of cells in the para-
cortical region, but occasionally as scattered cells in
the interfollicular region (Figure 1a and b). Only few
p24-positive cells were found around the edges of
germinal centers. Positive cells were most numerous
in lymph nodes showing EFH or mixed EFH/
follicular involution, which were the majority of
cases in this study. Nevertheless, HIV-positive cells
were noted in all patterns of lymph node histology.

Table 1 Clinicopathological data

Patient no. Age (years) Sex CDC groupa Symptomatology at
the time of biopsy

Lymph node pathology

1–11 22, 35, 30, 33, 29, 34, 38,
25, 13, 21, 36

F, F, F, F
M, M, M, M
M, M, F

A None EFH

12–15 15, 46, 43, 50 F, F, M, M A None Mixed
16 34 M B Trichiuriasis Mixed
17, 18 42, 35 F, M B Fever 41 month Mixed
19–22 30, 50, 28, 31 F, M, F, M B Fever 41 month Follicular involution
23 66 M C Pneumocystis carinii

pneumonia
Follicular involution

24 48 F C CNS cryptococcosis Lymphocyte depletion
25 40 M C Pulmonary TB Lymphocyte depletion

a
1993 CDC classification system for HIV infection and AIDS surveillance:

A¼ asymptomatic or acute or persistent generalized lymphadenopathy; B¼ symptomatic, not A or C conditions; C¼AIDS indicator conditions;
EFH¼ explosive follicular hyperplasia; mixed¼ explosive follicular hyperplasia and follicular involution.

Table 2 Comparison of morphologic features between lymph nodes from HIV and non-HIV cases

Morphologic features HIV cases (n¼25) Non-HIV cases (n¼ 25) P-value

Giant cells 16 64% 1 4% 0.00002
Mantle-zone loss 18 72% 9 36% 0.023
Irregular follicles 11 44% 14 56% 0.571
Follicle lysis 16 64% 20 80% 0.345
Burnt-out follicles 13 52% 10 40% 0.570
Monocytoid cells 12 48% 8 32% 0.386
Epithelioid histiocytes 8 32% 7 28% 1.000
Dermatopathic change 2 8% 4 16% 0.667
Marked plasmacytosis 4 16% 1 4% 0.348
Germinal center hemorrhage 8 32% 9 36% 1.000
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Only scattered positive cells were noted in lymph
nodes showing lymphocyte depletion. There were
no cases revealing a reticular pattern within germ-
inal centers. A reticular pattern for HIV p24 gag
protein reactivity had been noted by us previously
in subtype B-infected lymph nodes.10 Some multi-
nucleated giant cells were positive. Immunostaining
for T-cell markers CD45RO and CD3 demonstrated a
reduction or relative absence of T cells in the cases
with follicular involution and lymphocyte depletion
as compared with the EFH and mixed EFH/follicular
involution patterns (results not shown).

In Situ RT-PCR

Positive cells were noted with all lymph node
histology patterns. The most prominent HIV-RNA
signals were located mainly in clusters of cells in the
paracortex of lymph nodes (Figure 1c and d). Lymph
nodes showing EFH or mixed EFH/follicular involu-
tion also expressed HIV-RNA in occasional cells
around germinal centers and in interfollicular

regions. Lymph nodes showing lymphocyte deple-
tion and no germinal centers demonstrated scattered
HIV-RNA signals throughout the lymph node.

Identification of p24 and HIV-RNA-Positive Cells
by Double Labelling

By double labelling, those cells staining positively
for p24 or for HIV-RNA that were present in the
paracortical and interfollicular regions of HIV sub-
type E-infected lymph nodes were also positive
for CD1a (Figure 2). There were also a few cells
scattered at the edges of germinal centers, whereas
the germinal centers were devoid of p24-positive
or HIV-RNA-positive cells. The majority of p24-
immunopositive and HIV-RNA-positive cells in the
interfollicular zone from HIV subtype E-infected
lymph nodes were also positive for p55 and S-100
protein. About 10% of CD1a-positive cells were
also positive for CD14. In the paracortical region, the
HIV-positive cells were roughly an equal mixture of
CD1aþS-100þp55þ cells and CD3-positive cells.

Figure 1 Detection of HIV-1 by immunoperoxidase staining for p24 (a and b) or RT-PCR (c and d). Expression was seen in clusters of cells
in paracortical areas (a � 250; d �400), but only as individually scattered cells in the interfollicular region (b �250; c �200) and rarely
at all in germinal centers.
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Least common were the HIV-infected cells with a
Warthin–Finkeldey-type giant cell morphology.
These cells were also positive for S-100 protein,
p55 and CD68. Not all cells of a given phenotype
were positive for HIV-1. In lymph nodes from
clinical group A (the majority of cases), 40–60% of
the Langerhans cells and related histiocytes were
infected with HIV, while o30% of the T cells were.
About 20% of the giant cells were HIV-positive.
None of the HIV-positive cells marked as B cells.

Discussion

A major step in the pathogenesis of HIV infection is
the localization of the virus in lymphoid organs
following an initial viremia. The host is able to
curtail viral replication but cannot eliminate the
virus, leading to a chronic infection with a long
period of clinical latency in which lymph nodes act
as reservoirs for the virus.18–20 The virus appears to
escape elimination by clonal deletion of specific
cytotoxic lymphocytes and sequestration of these
cells away from the sites of viral replication.
Detection of virus and identification of viral reser-
voirs is important to a more complete understanding
of the pathogenesis of this disease. Identification of
the actual cells that are infected has been carried out
using in situ RT-PCR to detect single copies of HIV-1
in infected cells.18,21–28 Previous in situ RT-PCR
studies (presumably on subtype B) have localized
the virus to lymph node germinal centres29–31 either
as free virus30 or in association with CD21þ
follicular dendritic cells or macrophages,18,25,26,28–33

but not interdigitating dendritic cells.32 It has been
proposed that CD4þ lymphocytes become infected

as they contact follicular dendritic cells in transit
through lymph node germinal centers.18,33 The
result is a steady rate of T-cell infection, and
eventual depletion of T cells. Circulating CD4þ
T cells contain the virus22,33 and can disseminate
the infection systemically. The above sequence is
based on subtype B and it is unclear whether the
same events apply to other subtypes of HIV-1. To
help elucidate this, we determined in this study
the pathologic changes in lymph nodes in patients
with subtype E infection together with identification
of which cell types might be acting as reservoirs of
the virus with this specific subtype.

The pathologic changes in lymph nodes from
patients with different clinical stages of subtype E
disease in northern Thailand tended to follow
similar patterns to those noted for subtype B. Those
who were asymptomatic usually showed follicular
hyperplasia in lymph nodes, while symptomatic
patients without full blown AIDS showed changes
moving towards follicular involution. By the time
the patients had AIDS, lymph nodes were showing
follicular involution or lymphoid depletion. Among
the several histologic features studied, only mantle-
zone loss and the presence of multinucleated giant
cells were significantly more common in HIV cases
as compared to the control cases. The most promi-
nent difference was the multinucleated giants cells
occurring in 64% of HIV-infected lymph nodes
compared to 4% of control lymph nodes. The
presence of giant cells has previously been reported
in lymph nodes of HIV-seropositive patients, but
only in a few cases.14,34–37 The giant cells were
characterized by the nuclei clustered in the central
portion or resembled Warthin–Finkeldey cells in
some cases. These cells were not studied for the

Figure 2 Identification of the HIV-infected cells as Langerhans histiocytes and related cells. Double immunohistochemistry (a and b)
shows p24 (brown) is expressed in the cytoplasm of cells that are positive for CD1a (blue) in the interfollicular and paracortical regions of
lymph nodes, whereas the germinal centers were devoid of such cells. Combined in situ RT-PCR and immunohistochemistry (c) shows
cells that express HIV-RNA in the cytoplasm (brown) are also positive for CD1a (blue) (a �125; b and c �1000).
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presence of HIV-1 nor immunophenotype. Giant
cells have been reported in oropharyngeal lymphoid
tissues from HIV-infected patients in early and
latent stage of HIV infection.38–40 In the present
study, we found giant cells in all clinical groups, not
only in the pre-AIDS cases (clinical group A).

Our hypothesis was that Langerhans cells and
related histiocytes serve as a reservoir of active virus
in lymph nodes in cases of HIV-1 subtype E. This
was based, in part, on the work of others who
suggested that dendritic cells might be the initial
target of HIV and a reservoir for the virus over time.41

In addition, previous in vitro work has shown that
the HIV virus has the ability to replicate in epithelial
Langerhans cells, and that subtype E replicates more
readily than does subtype B,7,42 although not all
studies have confirmed this.43,44 Since epithelial
Langerhans cell may be the first to encounter the
virus after mucosal transmission,45 the ability of the
virus to grow in these cells might enhance viral
transmission and could help explain the epidemio-
logic findings of increased heterosexual transmis-
sion in Thailand and Southeast Asia.

Employing double labelling techniques, we found
that there are different subsets of cells infected with
HIV-1 subtype. The majority of HIV-infected cells
in the lymph nodes were Langerhans cells that
expressed CD1a and p55 and were located in the
paracortical areas of lymph nodes with a few cells
scattered at the edges of germinal centers. HIV-
infected cells in the paracortex were roughly an
equal mixture of T cells (CD3þ ) and cells deter-
mined by morphology and immunophenotype to be
interdigitating dendritic cells (S-100þp55þCD1aþ ),
which are Langerhans-related dendritic cells.38,46 The
Warthin–Finkeldey-type giant cells were S-100þ
p55þCD68þ , also implying a relation to dendritic
cells.47 Nonetheless, only 40–60% of the Langerhans
cells and related histiocytes detected in the lymph
nodes were actually infected with HIV-1 as detected
by immunohistochemistry or RT-PCR, while o30%
of the T cells were. This result supports the
notion that Langerhans cells are more readily
infected with HIV-1, at least in the early stages
of the disease, since in our study, the majority of the
patients (15/25) were asymptomatic.

The evidence of the present study suggests that
cells of the dendritic cell lineage are the main
reservoirs of HIV subtype E in lymph nodes. HIV
had previously been detected in Langerhans cells in
situ,48 although it was not clear what role HIV-
infected Langerhans cells might play in the patho-
genesis of disease. In an earlier study, we tested the
hypothesis that Langerhans cells and related histio-
cytes may constitute a reservoir for HIV subtype E
in vaginal mucosa, based upon the known high
transmissibility of subtype E by heterosexual con-
tact.9 We found a significant increase in the number
of Langerhans cells in vaginal epithelium of HIV
subtype E-infected patients compared with the
noninfected controls. Interestingly, a similar study

from European patients, consisting primarily of non-
E subtype infections, found an opposite result.49

Moreover, follicular dendritic cells have been found
to be the main reservoir for subtype B HIV in the
infected lymph nodes.10,26,50–53 We were unable to
detect p24 staining within the follicular dendritic
cell network of any of the subtype E HIV-infected
lymph nodes in this study, although a small number
of p24-positive cells were identified at the margins
of some follicles.

Cells of the dendritic cell lineage are known to be
potent antigen-presenting cells. Serving as sentinels
for the immune system at various ports of entry, they
capture antigens and subsequently stimulate T-cell-
associated immunity.54,55 Dendritic cells, including
interdigitating dendritic cells located in the T-cell
zone of lymph nodes, regulate the activation of
naı̈ve T cells by efficiently processing and present-
ing immunogenic peptides in association with self-
major histocompatibility complex molecules and by
expressing either ‘coreceptor’ molecules or cyto-
kines.56,57 The coreceptor CCR5 is a b-chemokine
receptor that is preferentially used by HIV subtypes
that infect macrophages.58 It is of interest to note
that in our study about 10% of CD1a cells were also
positive for CD14. Such cells are considered to
reflect macrophage-derived dendritic cells, 10–25%
of which remain dually CD1aþCD14þ following
maturation.59 These cells are high expressors of b-
chemokines that can be inhibitory or stimulatory to
HIV replication.58,60 Since cells of the dendritic cell
lineage appear to be the main reservoirs of HIV
subtype E, it would be of interest to do further
investigations (such as triple staining) to determine
to what extent the CD1aþCD14þ cells were
infected by HIV compared to other CD1a-positive
cells.

Frankel and co-workers discovered giant cells
containing HIV genome and p24 antigen within or
just beneath the mucosa of adenoid lymphoid tissue
from asymptomatic HIV-1-infected patients.40 This
observation suggests the possibility that HIV may
be replicating in T-cell–dendritic cell complexes or
syncytia, even in asymptomatic patients. It also
suggests the possibility that HIV-infected mucosal
dendritic cells may propagate the infection as they
interact with CD4þ T cells. A recent report61

documented that HIV-infected Langerhans cells
appear preferentially to transmit infection to
memory T cells, as compared with naive CD4þ
T cells. Proliferating HIV-infected CD4þ memory
T cells were frequently detected in conjugates of
Langerhans cells and autologous CD4þ T cells,
suggesting that T cells may become infected through
cluster formation and interaction with infected
Langerhans cells, rather than through encounter
with free virus released by infected Langerhans cells
or T cells. In this context, the observation in our
study that the giant cells also shared dendritic
markers and were p55 positive is of interest.
Together, these findings highlight that close inter-
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actions between Langerhans cells, related dendritic
cells and T cells are important for effective HIV
replication within specific subsets of CD4þ T cells.

In conclusion, Langerhans cells and related
cells are possibly both the initial targets and the
long-term reservoirs for HIV subtype E infection
following sexual (ie, mucosal) exposure to virus.
Disrupting this pathway and the interaction
between Langerhans cells, related dendritic cells
and T cells may be a possible strategy to interfere
with transmission of HIV subtype E.
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