should be acknowledged that TNF-« itself
may contribute independently to the GC
response.
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HIV-1 Langerhans’ Cell Tropism Associated with
Heterosexual Transmission of HIV

Luis E. Soto-Ramirez, Boris Renjifo, Mary F. McLane,
Richard Marlink, Carl O’Hara, Ruengpung Sutthent,
Chantapong Wasi, Prakong Vithayasai, Vicharn Vithayasai,
Chatchawann Apichartpiyakul, Prasert Auewarakul,
Victor Pefa Cruz, Dao-Shan Chui, Rapin Osathanondh,
Kenneth Mayer, Tun-Hou Lee, Max Essex”

Heterosexual transmission by vaginal intercourse accounts for most transmission of
human immunodeficiency virus-type 1 (HIV-1) in Africa and Asia but is less important in
the HIV-1 epidemics of the United States and Western Europe. Epithelial Langerhans’ cells
(LCs) represent a possible source of initial cell contact for vaginal infection. Fifteen primary
isolates of HIV-1 from U.S. homosexuals and 18 HIV-1 isolates from Thailand hetero-
sexuals were evaluated for growth in LCs of U.S. origin. All the viruses from the Thai
heterosexuals, which were subtype E, grew more efficiently in the LCs than any of the
viruses from the U.S. homosexuals, which are subtype B. These results suggest that LC
tropism is associated with the efficiency of heterosexual transmission of HIV.

In Thailand, India, and sub-Saharan Afri-
ca, it has been estimated that 90% of HIV-1
infections are acquired through heterosex-
ual exposure (1, 2). In contrast, most trans-
missions of HIV in the United States and
Western Europe are associated with anal
intercourse among homosexual men or in-
jection drug use (IDU), with less than 10%
of infections attributed to heterosexual con-
tact (3). HIV-1 subtypes or clades have
been classified according to HIV envelope
and gag gene sequences (4). HIV-1 subtypes
A through I have been described (2, 5), and
subtypes A through E have been character-
ized for geographical distribution, with A,
C, and D dominating in sub-Saharan Afri-
ca, C dominating in India, and E dominat-
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ing in Thailand (2, 5). HIV-1 B is the
dominant subtype reported thus far from
the United States or Western Europe (4).
HIV-1 B has also been isolated occasionally
in Africa, Thailand, and India but is unusu-
al there except in individuals infected
through IDU (2, 6). HIV-1 B is also the
dominant subtype in the Caribbean and in
South America, where heterosexual trans-
mission is more common than in the Unit-
ed States but less common than in Africa or
Thailand (1). Factors known to alter the
efficiency of heterosexual transmission in-
clude other venereal diseases, condom use,
male circumcision, and anal intercourse
(7).

The uneven expansion of HIV-1 sub-
types raises the possibility that some virus-
es have less potential for heterosexual
transmission in comparison to others.
Such enhanced susceptibility of individu-
als in particular risk groups has been cor-
roborated in Thailand by comparison of
heterosexual transmission of HIV-1 sub-
types between couples (8). For heterosex-
ual contact, Langerhans’ cells (LCs) have
been proposed as a possible primary target
for HIV infection (9-11). These cells,
which express CD4 on their membranes,
are located on the surfaces of the oral and
genital mucosa and are particularly abun-
dant in the cervix, but are absent from
rectal mucosa (12). To evaluate LC infec-
tivity in relation to heterosexual transmis-
sion, we inoculated primary LC cultures
with primary HIV-1 isolates from U.S.
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homosexuals and Thai heterosexuals. The
LCs were extracted from normal human
skin and purified by density gradient cen-
trifugation (13) with some modifications
(14). The purity of the LC fraction
(CDla™ cells) averaged 91% (range, 89 to
92%) without contamination of CD3™"
lymphocytes or CD14™ monocytes by di-
rect immunofluorescence.

We obtained isolates of HIV-1 from 14
homosexual men at the Fenway Commu-
nity Health Center (Boston, Massachu-
setts, USA), from 11 heterosexuals at the
Chiang-Mai University Hospital in north-
ern Thailand, and from 7 heterosexuals
from Bangkok; all of the heterosexuals
from Thailand had been infected with
HIV through heterosexual contact. Five
of the 18 Thai viruses were from patients
with AIDS (acquired immunodeficiency

syndrome) at CDC stage IV (15) and 13

Table 1. Phenotypic analysis of primary HIV-1
isolates from homosexuals in the United States
and heterosexuals in Thailand. The p24 values are
from day 21 after virus infection. Subtype was
determined by nucleotide sequencing of envelope
gp120 (16). NA, not available.

p24 (ng/ml) values

SZ;;“,;G subype "
PBMCs LCs

Isolates of U.S. homosexuals
1 B 10.2 1.8
2 B 9.7 0.8
3 B 5.4 1.0
4 B 6.4 2.0
5 B 7.6 5.2
6" B 3.3 3.1
7 NA 6.4 2.8
8 B 6.6 1.7
9 B 6.6 3.2
10 B 4.0 1.1
1 B 8.9 1.2
12 B 53 2.9
13 B 8.9 1.0
14 B 8.0 0.9
15 NA 4.4 6.2

Isolates of Thal heterosexuals
16 E 6.2 13.3
17 E 4.3 20.5
18 E 10.4 141
19 E 5.2 8.8
20 E 5.4 13.9
21 E 4.0 10.6
22 E 9.2 14.9
23 E 9.2 14.9
24 E 3.4 15.8
25 E 2.7 21.1
26 E 5.6 15.6
27 E 7.0 17.2
28 E 4.5 22.6
29 E 8.8 17.6
30 E 5.7 14.2
31 E 4.0 13.7
32 E 3.8 22.1
33 E 4.8 18.3

“This virus was isolated 5 years later from the same
patient as virus sample 4.
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were from patients who were asymp-
tomatic or had limited clinical progres-
sion. None of the 15 U.S. viruses were
from patients with CDC stage [V disease
(Table 1).

To determine the virus subtype, we se-
quenced the envelope ¢pl20 of all of the
Thai viruses and of 13 of the U.S. viruses as
described (16). To evaluate their pheno-
types, we inoculated all viruses into periph-
eral blood mononuclear cells (PBMCs) (17),
monocyte-derived macrophages (MDMs)
(18), and MT-2 cells (19). Virus replication
was assessed by determination of p24 levels
in the culture supernatant (20).

Table 1 summarizes the characteristics
of each isolate and the results obtained for
viral replication in LCs and PBMCs. All
isolates replicated efficiently in PBMCs.
Replications of the isolates in PBMCs,
according to p24 levels, were not statisti-
cally different at days 7 and 21 in the two
groups (P = 0.19 and 0.16, respectively;
U-Mann Whitney), but the levels at day
14 were significantly higher for the U.S.
viruses (P = 0.001; U-Mann Whitney)
(Table 2). In contrast to the results ob-
tained with PBMCs, the replication in
LCs (Tables 1 and 2) was different for the
U.S. and Thai isolates. The average p24
levels obtained at days 7, 14, and 21 were
statistically higher for the Thai viruses (P
= 0.0005 at all time intervals; U-Mann
Whitney) (Tables 1 and 2). The Thai
viruses also showed a continuous increase
in viral replication during the length of the
experiment. In contrast, the U.S. viruses
showed a flat replication curve after day 14
with no difference in p24 levels hetween
days 14 and 21 (P < 0.3). The lower repli-
cation of U.S. viruses was not related to
cytopathic effects or to the death of LCs,
because the average viability of LCs was
comparable for all of the cultures.

The replication kinetics observed in
PBMCs for all the viruses used here also
diminish the possibility that an inoculum
effect was responsible for the differences in
replication obtained in LCs. Indeed, the
U.S. viruses that showed poor replication in
LCs replicated at faster, but similar, kinetics
in comparison to those of subtype E viruses

in PBMCs. High replication in LCs (p24
levels higher than 10,000 pg/ml) was signif-
icantly associated with the geographical or-
igin of the HIV-1 virus (P < 0.00001, Fish-
er’s exact test).

When we compared p24 values for sub-
type B isolates to those of subtype E iso-
lates, the subtype E viruses showed higher
replication levels in LCs at days 7, 14, and
21 (P = 0.001, 0.0002, and 0.0002, re-
spectively; U-Mann Whitney), whereas
the levels in PBMCs were statistically dif-
ferent at day 14 (P = 0.001; U-Mann
Whitney), with higher levels for subtype B
viruses. All subtype E viruses showed high-
er levels of replication in LCs than any of
the subtype B isolates tested. In addition,
virus replication in LCs was associated
with the detection of intracellular p24 by
protein immunoblotting.

Eight of the 15 U.S. viruses grew in
monocytes, as did 11 of the 18 Thai virus-
es used. LC tropism was independent of
macrophage tropism and of MT-2 cell
growth and syncytia formation (21). Two
HIV-1 B viruses from healthy U.S. hetero-
sexual women and two HIV-1 B viruses
from healthy Thai injection drug users
were also tested for replication on LCs.
These four HIV-1 viruses grew at minimal
levels, within the range seen for the 15
type B viruses from the U.S. homosexual
men (Table 1). Because the LCs used in
this measurement were of U.S. origin, to
rule out the unlikely possibility that LCs
of Thai origin may be refractory to HIV
infection, we also tested a subset of six
viruses on LCs of Thai origin. This subset
included two HIV-1 B viruses from U.S.
homosexuals (Table 1, samples 1 and 2),
two HIV-1 E viruses from Thai heterosex-
uals (Table 1, samples 28 and 32), and two
HIV-1 B viruses from Thai injection drug
users. The two HIV-1 E viruses also grew
threefold better than any of the four
HIV-1 B viruses on the LCs of Thai origin.

The LC cultures used here were from
an epidermal suspension with a high con-
tent of LCs. Ten percent of the suspen-
sions used were composed of epidermal
cells, but these cells are not very suscep-

tible to infection by HIV-1 (11, 22, 23).

Table 2. HIV-1 replication in PMBCs and LCs of U.S. origin. The columns represent the mean of p24
values obtained for 15 U.S. isolates and 18 Thai isolates plus or minus one standard deviation.

Average values for p24 (ng/ml) = SD on day

HIV
origin - 14 4
Replication in PBMCs
USA 1.01 + 0.45 58 *+26 6.78 + 2.09
Thailand 0.78 = 0.57 2.77 = 2.59 578 =225
Replication in LCs

USA 0.76 = 0.79 27 +2.26 232+16
Thailand 2.35 +0.64 9.8 + 257 16.06 + 3.78
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The possibility of contamination of our
preparations with monocytes or lympho-
cytes (CD3* and CD147) seems remote.
Most T cells and macrophages reside in
the dermis, and these cells migrate at dif-
ferent densities in the gradient used. In
addition, we did not use cytokine stimula-
tion in the LC cultures. The absence of
interleukin-2, and the minimal viral rep-
lication seen with macrophage cultures for
some viruses, suggest that the degree of
HIV-1 replication seen in LCs cannot be
explained by contamination with other
cells. Finally, in agreement with previous
observations, HIV-1 infection in LCs was
noncytopathic and did not induce syncy-
tia formation (9, 24).

HIV-1 proviral DNA and mRNA have
been detected previously in LCs from the
skin of infected patients (10, 25). Viral
particles budding from LCs also suggest
that these cells are productively infected
(10, 24). LCs have been proposed as a
primary target cell in heterosexual trans-
mission (9-11), and related supporting ev-
idence has been presented (26, 27). As a
primary target cell for heterosexual infec-
tion by HIV-1, LCs offer several charac-
teristics that are not fulfilled by other
types of cells. They are located at the
tissue surface where they can contact free
virus from secretions directly. On the oth-
er hand, mononuclear cells are located in
the dermis, so the virus would need to
cross the epithelium to infect them.

The differences we observed in LC tro-
pism between different virus subtypes
could help to explain differences in the
frequency of heterosexual transmission of
different subtypes of HIV-1. Even though
subtype B viruses transmitted heterosexu-
ally could also replicate locally in genital
LCs, smaller amounts of replication might
decrease the risk of B viruses being trans-
mitted. This model fits the results ob-
tained by Kunanusont et al. (8) in Thai-
land, where HIV-1 heterosexual transmis-
sion in couples where one partner is HIV™*
and the other is HIV™ was less efficient
when the index case harbored a B subtype
(IDU), compared to that in couples where
subtype E viruses were involved. This ob-
servation, along with the large numbers of
heterosexually transmitted HIV-1 infec-
tions seen in Africa and Southeast Asia
related to nonclade B viruses, would sup-
port the possibility of adaptation or main-
tenance of some HIV-1 subtypes like E,
and probably C, for heterosexual transmis-
sion. Although there is no reason to ex-
pect that classification by subtypes will
necessarily parallel sexual transmission ef-
ficiency, it is possible that strains of sub-
type B in the United States, transmitted
primarily by injection drug users sharing
needles and microscopic abrasions in re-

ceptive anal sex, may have lost—or never
had—uviral sequences needed to be effi-
ciently transmitted heterosexually. Al-
though present in Asia and Africa, HIV-1
B is not associated with heterosexual epi-
demics there.

Differences in the rates of HIV-1 het-
erosexual transmission may also be attrib-
utable to sexual behavior practices and
perhaps even to host genetic susceptibili-
ty. Cofactors that may increase the effi-
ciency of heterosexual transmission of
HIV include certain sexual behaviors and
the presence of other sexually transmitted
diseases (7, 28). However, in Asia or Af-
rica none of the factors studied have fully
explained the heterosexual epidemics
there (1).

We have described here a specific tro-
pism of HIV-1 for LCs that correlates with
the geographical distribution of the HIV
isolates and with the HIV-1 subtype. Our
findings support a possible role for LCs as
primary targets for heterosexual infection
and offer a possible explanation for the
major differences seen in the epidemics of
Asia and Africa, as opposed to those of the
United States and Western Europe. If in-
troduced in the West, viruses such as HIV-1
E might pose a greater threat for heterosex-
ual transmission than does HIV-1 B.
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