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Abstract

Persons with HIV infection sometimes develop aggressive pso-
riasis or Kaposi’s sarcoma (KS) not usually seen in other im-
munosuppressed patients. However, a specific and direct patho-
physiological role for HIV-1 in these AIDS-associated dis-
orders remains unclear since HIV has not been easily detected
in these skin lesions. By combining in situ hybridization with
the sensitive detection technique of confocal laser scanning mi-
croscopy, we have demonstrated HIV RNA transcripts in 5 of
15 lesional skin biopsies from HIV-infected psoriasis patients,
and in 3 of 8 Kaposi’s sarcoma biopsies from HIV-infected
patients. HIV transcripts were not detected in normal appear-
ing skin from HIV-infected patients or in psoriatic and normal
skin biopsies from uninfected individuals (P = 0.006). Al-
though previous attempts to demonstrate viral sequences in pso-
riasis and KS lesions have been unsuccessful, in situ hybridiza-
tion with confocal microscopy has shown the presence of HIV
RNA transcripts predominantly within CD4*, Factor XIIla pos-
itive dermal dendrocytes. HIV or cytokines produced by in-

fected cells in skin lesions may therefore play a direct role in .

the pathogenesis of HIV-associated psoriasis and KS. (J. Clin.
Invest. 1991. 88:174-185.) Key words: in situ hybridization «
confocal microscopy ¢ acquired immunodeficiency syndrome «
dermal dendrocytes

Introduction

Patients infected with HIV frequently develop cutaneous man-
ifestations including severe psoriasis (1, 2), Reiter’s syndrome
(3), and disseminated Kaposi’s sarcoma (KS)! (4). The patho-
genesis of these diseases in general is unknown. The possibility
of a direct role for HIV in cutaneous diseases is raised by the
introduction of HIV proviral or transactivating tat sequences
into transgenic mice (5, 6). In both transgenic mice strains,
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epidermal hyperproliferation was evident, but in mice with
proviral HIV, histologic features of psoriasis (acanthosis and
parakeratosis) were also present (6). Male offspring of mice
transgenic for tat developed vascular lesions which were similar
histologically to Kaposi’s sarcoma (5). In human skin biopsies
from AIDS/KS patients studied using immunofluorescence
and electron microscopy, Langerhans cells (LC) were shown to
be infected with HIV (7). However, other investigators have
failed to demonstrate in vivo infection by HIV-1 of LCs from
normal skin biopsies of HIV seropositive patients using immu-
nohistochemical techniques (8) or using in situ hybridization,
the polymerase chain reaction, and transmission electron mi-
croscopy (9). Thus, whether LCs are infected in lesional skin of
HIV infected patients remains controversial.

Nickoloff et al. recently demonstrated that both KS and
psoriatic lesions contain abundant dermal dendrocytes that are
of monocytic origin, distinct from LCs, because they do not
express CD1 and are recognized by their expression of Factor
XIlIa (10, 11). These dermal dendrocytes were suggested to be
candidates for HIV-1 infection because of their phagocytic po-
tential as well as expression of CD,, lymphocyte function-asso-
ciated antigen (LFA-1), and intercellular adhesion molecule
(I-CAM-1) (11). Moreover, dermal dendrocytes have been sug-
gested to be the proliferating cell in KS (10, 11) and to be
capable of stimulating endothelial, epidermal, and mononu-
clear cell proliferation via cytokines (6, 10). KS cells are known:
to produce cytokine RNAs for IL-1B and basic fibroblast
growth factor (bFGF), which could stimulate endothelial cell
and KS cell proliferation (12, 13). However, because genomic
sequences of HIV and other viruses have not been detected in
KS, an indirect role for HIV has been suggested (14-16).

These observations led to the hypothesis that HIV infection
of keratinocytes and/or dermal dendrocytes might be a factor
in the pathogenesis of HIV-associated psoriasis and KS. To
examine this hypothesis, we used in situ hybridization (17) and
confocal laser scanning microscopy (18) to examine skin biop-
sies from HIV-infected patients and normal controls.

Methods

Control and test specimens. All patients and controls gave informed
consent in accordance with a protocol approved by the Institutional
Review Board. HIV infection was confirmed by Western Blotting (Du-
pont Co., Wilmington, DE) and all patients had routine biopsies clini-
cally diagnostic of psoriasis or Kaposi’s sarcoma (Table I). All skin
biopsies obtained were immediately fixed in 4% paraformaldehyde for
3-4 h and then embedded in paraffin.

Slide preparation (19). To prevent loss of tissue during hybridiza-
tion, microscope slides were cleaned overnight in 10% extran (Thomas
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Table I. Skin Biopsies from 21 Male HIV-infected Patients with Either HIV-associated Psoriasis, HIV-associated Kaposi’s Sarcoma,

or Both
Histologic Therapy with AZT Clinical
Patient Age diagnosis Findings by in situ (Pre/Post) status
1 35 Psoriasis positive Pre AIDS
dermal dendrocytes and
basal keratinocytes
2 32 Psoriasis negative Post ARC
3 30 Psoriasis negative Pre ARC
4 30 Psoriasis negative Pre AIDS
Psoriasis positive Post
dermal dendrocytes
5 42 Psoriasis negative Pre ARC
Psoriasis negative Post
6 28 Psoriasis negative Post ARC
7 43 Psoriasis positive Post ARC
dermal dendrocytes
8 27 Psoriasis negative Pre AIDS
Psoriasis negative Post
9 30 Psoriasis negative Pre AIDS
10 38 Psoriasis negative Pre AIDS
11 28 Psoriasis positive Pre AIDS
dermal dendrocytes and
keratinocytes
negative Post
12 32 Psoriasis negative Post AIDS
13 49 Psoriasis negative Post AIDS
14 31 Psoriasis positive Pre AIDS
dermal dendrocytes
KS positive Pre
dermal dendrocytes
15 44 Psoriasis negative Post AIDS
KS positive Post
dermal dendrocytes
16 33 KS negative Pre AIDS
17 28 KS negative Pre AIDS
18 33 KS negative Pre AIDS
19 38 KS negative Pre AIDS
20 37 KS positive Pre AIDS
dermal dendrocytes, T
cell,
basal cells in epidermis
21 39 KS negative Post AIDS

All skin biopsies were coded and analyzed in blinded fashion by in situ hybridization (17) and laser scanning confocal microscopy (18) (Mahoney,
S.E., M. Minshall, D. Lewis, and S.W. Paddock). ARC, AIDS related complex.

Scientific, Swedesboro, NJ) and washed in 60°C running tap water for
2 h. Slides were then dried at 160°C in an oven and cooled to room
temperature. They were then immersed in freshly prepared 2% 3-ami-
nopropyltriethyoxysilane (Sigma Chemical Co., St. Louis, MO) in dry
acetone for 1 h. After the washes in dry acetone and in distilled water,
slides were placed in poly-L-lysine (Sigma Chemical Co.) 100 ug/ml for
1 h then allowed to dry overnight at 42°C. Slides can then be stored at
room temperature for several weeks until needed.

Riboprobe preparation. In situ hybridization was performed with a
35S-labeled HIV antisense riboprobe (1-2 kb long, SST I-SST I viral
insert containing 3' LTR, 3’ orf, and part of the envelope genes from
HIV clone lambda B4-10 [20] subcloned into the pGEM vector pSP64)
(Oncor Laboratories, Gaithersburg, MD). The 3S-labeled antisense
RNA was transcribed (from the Sp6 promoter region) to a specific
activity of 1.0 X 107 cpm/ul. A second HIV probe pSP73-gag-pol con-

taining a 1,240 bp Bal1-Pst1 fragment from HIV isolate Hx82 was used
to generate antisense (Sp6) **S-labeled probes that hybridize to full
length unspliced HIV message. The opposite T7 transcript was used as
a negative control HIV, sense probe. An antisense riboprobe, which
hybridizes to K 14 keratin (1,090-bp insert subcloned into pSP65 vector
kindly provided by Elaine Fuchs, University of Chicago) (21), was used
as a positive control probe for the presence of mRNA on all skin biop-
sies, while a probe to the bacterial plasmid pGEM with no insert was
used as a negative control probe for background hybridization in skin
(Stratagene, La Jolla, CA). The **S-labeled riboprobes were transcribed
from T7 (PGEM) and Spé6 (keratin) promoter regions to a specific activ-
ity of 1.57 X 10° cpm/ul (P GEM) and 1.43 X 10® cpm/ul (keratin).
In situ hybridization (17). Four micron thick sections of 4% para-
formaldehyde fixed paraffin embedded skin biopsies were placed on
poly-L-lysine-treated slides. After xylene treatment and rehydration
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Table II. Summary of In Situ Hybridization Results to HI VProb;'

Patient groups Total patients Positive by in situ
HIV-associated psoriasis 15 5
Non-HIV-infected psoriasis 6 0
HIV-associated KS 8 3
Non-HIV-infected KS 1 0
HIV-infected normal skin 5 0
Non-HIV-infected skin 17 0

through alcohol series, slide preparations were acetylated with 0.1 M
triethanolamine (pH 8.0) and 0.25% acetic anhydride X 10 min. Slides
were then treated with 0.1 M tris HCL (pH 7.0) and 0.1 M glycine X 30
min followed by proteinase K (Sigma Chemical Co.) 1 ug/ml at 37°C
X 30 min. To ensure that hybridization of HIV probe was to viral
RNA, not DNA, sections were not subjected to denaturing to prevent
DNA strand separation. Hybridization was performed in 50% form-
amide, 2 X SSC, and 100 mM DTT for 3 h at 52°C. Slides were then
incubated in 50% formamide/2 X SSC at 52°C X 20 min, treated with
ribonuclease A and T1 (Sigma Chemical Co.) for 30 min, and dehy-
drated in ethanol. Slides were autoradiographed with Eastman Kodak
NTB2 emulsion, exposed at 4°C for 7-10 d, developed in Dektol devel-
oper, and stained with geimsa or hemotoxylin and eosin stain.

Immunoperoxidase staining (11). In order to colocalize HIV tran-
scripts within cells, immunoperoxidase staining was performed after
the hybridization washes and before emulsion was applied. Antibodies
were selected based on their ability to be used on paraffin embedded
fixed tissue. A polyclonal rabbit antibody to Factor XIIIa (Calbiochem
Corp., La Jolla, CA) 1:400 dilution and antibodies to S-100 (staining
melanocytes and Langerhans cells) and to UCHL-1 (T cells) were pur-
chased from Dako, Santa Barbara, CA and used at 1:250 dilution. After
in situ hybridization, serial sections were rehydrated and incubated
with phosphate buffered saline at 37°C for 30 min. Endogenous peroxi-
dase was blocked with 1% H,0, in methanol for 20 min. An avidin-bio-
tin peroxidase technique (Vecta-stain ABC kit; Vector Laboratories,
Burlingame, CA) was used for antibody detection with 3-amino 9-ethyl
carbazole as the chromagen. After autoradiography, sections were
counterstained with 1% hematoxylin.

Laser scanning confocal microscope analysis. The microscope
slides were read at the Integrated Microscopy Resource in Madison,
Wisconsin on a Bio-Rad MRC-500 Laser Scanning Confocal Micro-
scope (LSCM) (Bio-Rad Labs., Richmond, CA), which uses a 25-mW
argon ion laser as a light source. Specimens were initially reviewed with
the conventional light microscope to locate areas of suspected hybrid-

ization to the HIV riboprobe. Using the LSCM operated in the re-
flected light mode, areas of suspected hybridization were confirmed or
ruled out. Optical sections were taken at 0.5-um increments through
the specimen. Positive hybridization was confirmed if the silver grains
remained in the confocal image of the optical sections above the level of
nonspecific background. Experiments were repeated three times and
were reproducible.

Resulits

Table I summarizes the clinical characteristics of the HIV-in-
fected patients with psoriasis and/or KS. HIV-1 RNA tran-
scripts were detected in skin biopsies from 5 of 15 HIV-infected
psoriasis patients and in 3 of 8 patients with HIV-associated
KS. No hybridization to the HIV riboprobe was noted in 23
HIV negative controls, 5 nonlesional HIV-infected controls, or
1 HIV negative KS patient (Table II). The difference between
positive hybridization in all infected KS and psoriasis lesions (8
of 23) versus uninfected controls, with psoriasis, KS, or normal
skin (0 of 24), was significant at P = 0.006 using Fisher’s exact
test.

No specific hybridization was observed in patients studied
using the negative control PGEM riboprobe (Fig. 1, 4 and B).
All patients’ skin biopsies demonstrated strong hybridization
to basal epidermis using a positive control antisense keratin
riboprobe (Fig. 1, C and D). These two probes were selected to
control for the high background in skin specimens, the vector
used (pGem), and to confirm the presence of mRNA in biop-
sies (keratin). Of interest is that Leonard et al. reported that the
stratum corneum and hair follicles in skin biopsies from HIV
proviral transgenic mice hybridized to an HIV probe (6). Al-
though a similar pattern of hybridization was seen in biopsies
with both the HIV riboprobe and the PGEM probe, when
viewed with the confocal microscope, this appeared to be non-
specific hybridization in our biopsies.

Positive hybridization in HIV-infected patients with psoria-
sis (Figs. 2 and 4) was detected in either cells of the dermal
papillae or along the dermal/epidermal junction as noted in
Table . Fig. 2 C(right) reveals numerous silver grains represent-
ing HIV-1 viral RNA within cells along the dermal/epidermal
junction in an AIDS patient with severe, extensive psoriasis
and arthritis (patient 1, Table I). The area indicated by the
white square (shown in Fig. 2 4) was bleached by the scanning
laser beam. The enhanced confocal image of the enlarged area

Figure 1. Negative and positive control probes. Nonspecific hybridization of HIV negative psoriasis biopsy to pGEM negative control probe. (4)
Bright field image (/eff) taken in the plane of cells, confocal image (right) of the same plane (magnification 200). (B) Bright field image (left) of
the plane of the emulsion and corresponding confocal image (right) (magnification 200). Note the absence of silver grains. C and D show positive
hybridization with keratin 14 control probe. (C) Bright field image taken in the plane of emulsion (/eff) (magnification, 200) and confocal image
(right). Note the silver grains localized only to keratinocytes. (D) Colorized overlay of left (bright field) and right (confocal) images of C showing
positive hybridization in yellow.

Figure 2. HIV-associated psoriasis. Light microscopy of sections of psoriasis lesion from patient 1 (Table I) showing epidermal acanthosis and
dermal inflammatory infiltrates. The lighter square in 4 (magnification, 100) indicates the area subjected to laser light analysis at the dermal/
epidermal interface. The section shown in B (magnification, 200) has been stained with Factor XIIIa and 1% hematoxylin (11). On serial sections
of same biopsy, numerous dermal dendrocytes staining with Factor XII (arrow) were noted along the dermal epidermal junction (B). C and D
(magnification, 400) are from the level of the photographic emulsion so that cells are slightly out of focus in the bright field image. C (leff) is the
bright field image of lighter square in A. C (right) is the confocal image that is shown as a colorized overlay of both images (D). Positive hybrid-
ization to HIV probe (yellow grains) is seen in several dermal cells and in cells along the basal layer of the epidermis.

Figure 3. HIV-associated Kaposi’s sarcoma. A4 and B are light microscopy images of a KS lesion (patient 14, Table I). Arrows indicate two den-
dritic cells within dermis stained 1% hematoxylin (4 and B, magnification, 100 and 200, respectively). C shows two HIV-1 RNA positive cells
that were designated by arrows in 4 and B. Right image is bright field, and left image is confocal image (magnification, 400). (D) Digitally merged
image of bright field and confocal images of C showing reflected image of silver grains in yellow.
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Figure 4. Colocalization of
HIV transcripts in psoriasis.
(A and B) Factor XIIla posi-
tive dermal dendrocytes stain
brown (see reference 11)
(shown by arrows) and also
contain HIV RNA transcripts
by confocal digital imaging
shown as yellow grains (mag-
nification, 400) (biopsy from
patient 4, Table 1). (C and
D) Strong hybridization to
cell at base of rete ridge
(arrow) (magnification, 100)
and to epidermal and dermal
cells by confocal imaging (D).
Although biopsy was stained
with S-100, only the hema-
toxylin is apparent. (E) S-100
positive epidermal cells
(arrows) (magnification, 400)
from case 4 are not positive
for HIV transcripts. These
cells could be melanocytes or
Langerhans cells.



Figure 5

HIV Transcripts in HIV-related Psoriasis and Kaposi's Sarcoma Lesions 181



6

Figure



showing positive hybridization within both epidermal and der-
mal cells is shown in Fig. 2, C and D. Three of eight HIV
infected patients with KS had HIV viral transcripts detectable
within the KS lesions (Figs. 3 and 5). Fig. 3 shows hybridization
in two dermal spindle-shaped cells of a KS lesion (patient 12,
Table I). This patient also had HIV transcripts within psoriasis
lesions.

Paired specimens comparing lesional versus nonlesional
skin were examined in four HIV-infected patients (patients 7,
11, 19, and 20 from Table I) and one HIV-infected patient with
dysplastic nevi (22). Two of four lesional biopsies (one psoria-
sis, one KS) revealed HIV transcripts, while all paired nonle-
sional skin biopsies from HIV-infected patients remained nega-
tive by in situ hybridization. Although Duvic et al. previously
noted an association with dysplastic nevi in AIDS patients (22),
HIV was not present within three dysplastic nevus biopsies
studied by in situ hybridization.

Because identification of the cells containing HIV tran-
scripts is of great interest, we next performed colocalization
studies on all positive cases available using antibodies that can
be used in fixed tissue: Factor XIIIa, S-100, and UCHL-1. Us-
ing a highly sensitive immunoperoxidase staining technique
for Factor XIlla, as previously described (10, 11), abundant
staining of dermal dendrocytes was demonstrated in the upper
dermis of all five psoriatic lesions and within the stroma of two
KS lesions in areas that were initially positive for HIV tran-
scripts. Fig. 2 B shows staining of a psoriatic biopsy with Factor
XIlIIa revealing many brown staining dendritic cells in the der-
mal papillae as indicated by the arrow. Fig. 4 4 and B show
colocalization of Factor XIIla positive dermal dendrocytes
with HIV transcripts in a psoriatic lesion. Approximately 10—
20% of dermal dendrocytes contained transcripts in all biop-
sies. Two biopsies (Fig. 2, C and D and Fig. 4, C and D) from
patients with AIDS (patients 1 and 11) also had evidence of
HIV transcripts within numerous cells of the basal epidermis
which appear to be keratinocytes. Fig. 4 C (arrow) shows a
positive cell at the tip of an epidermal rete ridge whose identity
could not be confirmed. However, in all other psoriasis biop-
sies S-100 positive staining cells in the epidermis (melanocytes
or Langerhans cells) were negative for HIV transcripts (Fig. 4
E, arrows).

Two previously positive Kaposi’s lesions (from patients 14
and 20) had HIV transcripts within dermal dendritic cells co-
stained with Factor XIlla (Fig. 5, 4 and B, see arrows, patient
14). However, probe was also localized in three other nonden-
dritic cells as a rare event. Shown in Fig. 5, C and D are two
basal epidermal cells, one of which stained with S-100 (left

’ arrow).‘ UCHL-1, which stains T cells, stained several HIV posi-

tive cells with the appearance of lymphocytes. One is shown
from the dermis of a Kaposi’s sarcoma lesion (Fig. 5, E, F, and
G). As in psoriasis biopsies, the dermal dendrocytes were the
main cells containing HIV RNA transcripts, at a frequency of
~ 10%.

To demonstrate the specificity of the HIV antisense probe,
serial sections were hybridized to two different HIV antisense
probes and compared with a sense HIV probe (Fig. 6). A
strongly positive dermal dendrocyte near a vascular slit (Fig. 6
A) stained with Factor XIIIa (Fig. 6, B). Using the Oncor HIV
antisense probe (Fig. 6, C and D, and E and F), the cell showed
HIV transcripts and was similar to the second HIV antisense
probe (data not shown). There was no hybridization with the
sense HIV negative control probe (Fig. 6, G and H), as shown
by confocal image enhancement and confocal dark field.

Discussion

We postulate that the use of an HIV riboprobe with high spe-
cific activity combined with a sensitive detection system of
confocal microscopy explain why we have demonstrated HIV
transcripts successfully using in situ hybridization. Difficulties
in analyzing in situ hybridization result from contribution of
signals from above or below the plane of focus. Silver grains are
often positioned at various levels within the emulsion and thus
some grains are not visible or appear out of focus by conven-
tional light microscopy (17). Confocal microscopy has been
shown theoretically and practically to improve resolution over
conventional light or dark field microscopy by providing opti-
cal sections of specimens (18, 23). The confocal laser scanning
microscope, configured to image reflected light, greatly en-
hances in situ detection by focusing precisely on a shallow
plane above the cells within the photoradiographic emulsion
where the silver grains accumulate (18). Any part of the sample
which is outside a narrow depth of focus is not reimaged at the
confocal aperture, thus eliminating most out-of-focus back-
ground (23, 24).

In Fig. 1 A, the bright field image (/eff) is in the plane of
focus of the cells and the confocal image (right) reveals the
background reflectance caused by the randomly distributed
silver grains. In contrast, in Fig. 1 B, the bright field image is
above the plane of focus of the cells (plane of the emulsion) and
the corresponding confocal image shows no specific hybridiza-
tion. Fig. 1, 4 and B show the nonspecific background caused
by random hybridization with the plasmid pGEM probe (nega-
tive control). In Fig. 1 C, the bright field image is within the

Figure 5. Colocalization of HIV transcripts in KS. 4 and B show Factor XIllIa positive dermal dendrocytes, (arrows) (magnification, 200) which
coexpress HIV RNA transcripts (yellow grains). C and D show colocalization of HIV transcripts in epidermis overlying KS lesion (patient 20).
Digital image shows orange grains indicating HIV transcripts (D) are present within two basal epidermal cells (arrows, C) (magnification, 200).
The upper cell on the left is stained brown with S-100, suggesting a Langerhans cell or melanocyte. E, F, and G show a single UCHL-1 staining
lymphocyte (arrow) within the dermis of a KS lesion (patient 20). E, UCHL-1 (magnification, 40), F (magnification, 200), and digital confocal

imaging showing HIV transcripts in yellow (magnification, 400).

Figure 6. HIV RNA transcripts are specific for antisense probe. This figure is representative of the difference in hybridization seen with either of
two HIV antisense probes (4-F) compared with sense (G, H) using serial sections through KS lesion (patient 20). 4 (magnification, 10) shows
area of positive hybridization near vascular slit (arrow), which was hybridized with an Oncor HIV envelope probe from B4-10 HIV strain and
stained with 1% hematoxylin. This section is shown as a confocal overlay (E) and darkfield (F) showing positive signal at magnification 400.
The cell shown by the arrow in A is shown in the next section to stain brown with Factor XIIIa (B) and express HIV RNA transcripts by confocal
overlay (C) and dark field (D). Note that the halo to the right of the positive cell in E does not appear in the next section 6C and thus is an
artefact. The next section hybridized to the sense negative control HIV probe shows no specific hybridization (G and H) (magnification, 400).
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plane of emulsion, and the confocal image reveals the specific
hybridization of the keratin riboprobe to the basal epidermis.
An overlay of the bright field image of Fig. 1 C and a color
enhanced confocal image is shown in Fig. 1 D.

Although there is evidence for an indirect role for HIV in
causing KS and psoriasis via cytokine production (12-15), our
results also support the hypothesis that HIV could also have a
direct role in their pathogenesis. Recent findings by Ensoli et al.
that the tat protein induces KS cell growth, further support a
direct role of HIV in the formation of these lesions (25). A
direct role may also be suggested by the observation that AIDS
patients receiving zidovudine (AZT), which inhibits viral tran-
scription, have a rapid and dramatic clearing of their psoriasis
(26). Likewise, zidovudine and o-interferon combination ther-
apy also has resulted in improvement or even resolution of KS
lesions in HIV-infected patients (27). Shaw et al. have reported
HIV in monocytic cells of central nervous system lesions in
patients with AIDS dementia using in situ hybridization (28),
while others have reported a decrease in HIV transcripts after
administration of zidovudine (29). However, we were unable
to show a correlation between the use of zidovudine and the
presence of HIV transcripts in psoriatic or KS lesions in this
small study.

The significance of RNA transcripts in skin cells could have
many implications. Skin, especially mucous membranes,
might be the site of initial HIV infection with resultant spread
to other susceptible populations such as T cells (30) or Langer-
hans cells. However, we found little evidence for Langerhans
cell infection in the lesions studied. It is possible that the re-
duced numbers of Langerhans cells in HIV patients reported
by Belsito (31) may make these cells difficult to find. We can-
not say for certain whether the heavily labeled basal cells seen
in two psoriasis lesions or in one KS lesion (with positive S-100
staining) were Langerhans cells or melanocytes. Presence of
viral transcripts within keratinocytes is suggested in two psoria-
sis biopsies (patients 1 and 11) with advanced AIDS. Lewis et
al. have shown that the number of HIV infected peripheral
blood cells increases with stage of disease by similar in situ
hybridization studies (32). Keratinocytes could theoretically
acquire HIV by nonspecific phagocytosis in spite of the fact
that they lack CD4 receptors. Furthermore, since psoriatic epi-
dermal non-LC antigen presenting cells activate T cells (33),
infected psoriasis lesions might also trigger HIV replication in
skin.

The predominant HIV infected cells in both KS and psoria-
sis are dermal dendrocytes of monocytic origin, which express
CD4", LFA-1, and Factor XIIla (11). These cells may act as a
reservoir for virus, express cytokines (9-11), and/or produce
viral proteins like tat (25), which could lead to proliferative
skin disease (12-14). These cells are probably bone marrow
derived and may, like Langerhans cells, alternate between skin
and lymphoid tissue. Unrelated to HIV infection, both psoria-
sis and KS lesions share angiogenesis as well as abundant der-
mal dendrocytes as histopathologic features (11). In psoriasis,
epidermal proliferation is pronounced and angiogenesis is an
early and mild feature, while in KS, angiogenesis predomi-
nates. Because other skin diseases characterized by increased
dermal dendrocyte populations including granuloma annu-
lare, cutaneous T cell lymphoma, and dermatofibromas are
characterized by epidermal hyperproliferation, cytokines pro-
duced by dermal dendrocytes may drive this hyperplasia (11).

HIV-1 RNA sequences in the skin associated with psoriatic

and KS lesions from HIV-infected patients suggest that a direct
role of HIV in the pathology of these lesions cannot be ruled
out, or infected dermal dendrocytes may, through cytokine pro-
duction, indirectly produce these lesions (12-14). Further stud-
ies with patients before and after AZT therapy are necessary to
see whether clinical improvement is mirrored by decreased pro-
duction of HIV transcripts in the skin. The development of
future antiviral drug strategies must now consider the possible
presence of HIV within the skin, as well as in the central ner-
vous system (29), as a continued source of viral transmission
and latency.
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