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CD36(OKM5)+ Dendritic Cells in the Oral Mucosa of

HIV— and HIV+ Subjects

Nicola Pimpinelli, Lorenzo Borgognoni, Rossella Riccardi, Giuseppe Ficarra, Moira Mori, Domenico Gaglioti,

and Paolo Romagnoli

Clinica Dermatologica I (NP, LB, MM) Chair of Maxillo-facial Surgery (GF, DG), and Department of Human Anatomy and
Eistology (RR, PR), Section Histology “E, Allara,” University of Floreuce, Italy

In this study, we have investigated by light and electron
microscopy the presence, distribution, and inner structure of
CD36(OKM5)+ dendritic cells (DC) in the lamina propria
and epithelium of the oral mucosa of HIV— and HIV+ sub-
jecets; 1n the lacter, both clinically healthy areas and areas of
hairy leukoplakia (HL) were studied. Perivascular CD36+
DC were present in the lamina propria of all the specimens
studied. They were also found in small numbers in the epithe-
lium of clinically healthy mucosa of HIV—- and HIV+ sub-
jects, but were practically absent from the epithelium of HL.
CD36+ DC seemed to be regularly HLA-DR+ in HIV—
subjects; this positivity was recognized only in some cells in
the clinically healthy mucosa of HIV+ subjects, and practi-
cally never in HL. Because the only perivascular cells ob-

served in the clinically healthy areas of HIV+ subjects were
CD36+, we investigated the ulcrastruceure of perivascular
DC in these same areas. These cells were characterized by the
presence of a prominent Golgt apparatus, many lysosomes,
and focal adhesions to the extracellular matrix. It may be
concluded that 1) CD36+ DC are physiologic components
of the oral mucosa, 2) they share some ultrastructural features
with macrophages, 3) no differences in numbers were found
between HIV+ and HIV— suhjects, and 4) these cells are
affected in their expression of HLA-DR antigens during HIV
infection, particularly in areas of HL. This may be a hint that
the antigen-presenting function of these cells in the oral
mucosa is negatively affected during HIV infection. ] Invest
Dermatol 97:537-542, 1991

he CD36 antigen is expressed by most peripheral

blood monoeytes [1—4]. This antigen is recognized by

the monoclonal antibody (MoAb} OKMS and possi-

bly corrcsponds to the membrane-binding site for

thrombospondin, a protcin involved in cell adhesian
[5]. A subset of CD36+, CD11b(OKM1)— peripheral blood mono-
cytes are potent activators of autologous T cells in vitro, cven in the
absence of any added antigen |2,6-8]. This function is shared by
epidermal ulcraviolet (UV)-induced dendritic cells (DC), which arc
CD36+, CDla—, CD11b—, and HLA-DR+ [9-13].

Recently, a population of CD36+ DC has been identified in
normal human skin. These cells are usually—though not
exclusively —located around dermal blood vessels [14—18]; few of
them are found in the hasal epidermal layers [19,20]. They are
CD1a—, CD11b—, CD11c—, CD14—, and HLA-DR+, and seem
tobe capable of initiating T-cell - mediated delayed-rype hypersensi-
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Abbreviations:

APAAP: alkaline phosphatase anti-alkaline phusphatase
DC: dendritic cel

HIV: human immunodcAciency virus

HL: hairy leukoplakia

MoAb: monaclonal antibodyf(ies)

UEA-I: Ulex Europaeus Agglutinin [

UV: ultraviolet

tivity immune responses in vivo [17]. By electron microscopy, they

have been preliminarily charactcrized as dendritic in shape and con-

Eain]jng a folded nucleus, many mitochondria, and some lysosomes
21}.

In the clinically normal epidermis of the subjects infected by
human immunedeficiency virus (HIV), CD36+ DC are well tepre-
sented, and it has been suggested that they play a more relcvane role
in mediating cutaneous immune responses in HIV+ people than in
normal subjeces [22].

The oral mucosa of HIV+ subjects may be affected by several
diseases, which often herald full-blown acquired imrmunodefi-
ciency syndrome (AIDS) [23-25]. Alterations in the number of
CD1a+ Langerhans cells have been demonstrated in one of these
oral diseases (hairy leukoplakia [HL]), but only in the lesional mu-
cosa [26,27). It remains to be found whether CD36+ DC exist in
the lamina propria and epitheliurm of oral mucosa, which is their
fine structure, and whether they are altered in number or immune
phenotype in HIV+ subjects compared with HIV— people. To ad-
dress this issue, we have investigated by immunvhistochemistry and
cleceron microscopy the clinically healthy oral mucosa of HIV—
and HIV+ subjects, and hy immunohistochemiscry also areas of HL
in HIV+ subjects.

MATERIALS AND METHQODS

Patients and Biopsies Punch hiopsies were obtained from 29
HIV+ patients (21 men and 8 women, median age 27 years, range
20-50 years) and eight HIV—subjects (three men and five women,
median age 34 years, range 22-60 ycars). Twency-four of these

ticnts]belong to a previously described group of subjects with HL
23-25].

Both lesional and perilesional lingual mucosa werc biopsied in
HL patients; other biopsies were obtained either from clinically
healthy lingual mucosa of HIV+ and HIV— subjects or from appar-
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Table . Monoclonal Antibodies Used and Quantitative Assessment of Immunastained Cells®

MaAb Source CD HL
OKM5 onf CD36 0
anti-HLA DR BD: — 0
QKTé6 QoD CDla 1-3
OM1 0D CD11b 1-4
Leu M5 BD CDl1c 5-8
Leu M3 8D Ch14 3.7

« See [4).

§ Immunostained cells in the epidermis overlying 100 basal cells.
* mmunostained cells per 100 cells.

Epithclium’ Lamina Propria‘
HIV+H/HIV— HL HIVA/HIV-
2-5/2-4 6-9 13-20/13-22
0-2/8-13 0-3 3.5/12-15
4-16/11-21 §-23¢ /-
0/0 59 5-9/2-8
0/0 §-12 6-12/4-10
0/0 6-11 5.8/3-8

4 HIV+: cither oral mucosa from HIV infected subjects without HL {(n = 5 or perilesional, clinically healthy mucosa from patients wich FIL (n == 24); HIV—: clinically healthy

oral mucosa from HIV— subjects {n = §).
« Almost exclusively
50D, Ortho [Yagnostic Systems, Raritan, NJ.
¢t BD, Reclon & Dickinsam, Sunnyvale, CA.

enly healthy gingiva of HIV— subjects. Each tissue specimen was in
part formalin-hxed and paraplast-embedded for toutine histologic
examination, if part cmbedded in ornithine carbonyl transferase
(OCT) (“Tissue Tek,” Miles Scientific, Naperville, IL), snap fro-
zen, and stored at —80°C until scctioning and preparation for im-
munohistochemistry. Part of the biopsies of clinically healthy lin-
gual mucosa from three HIV+ subjects were also prepared for
electron micrascopy.

Immunohistochemistry Cryostat sections (6 um) were air-
Jried, fixed in acetonc for 10 min, and processed with enzyme-
[zbeled antibodies and flucrochrome-labeled antibodies.

Enzyme-Labeled Antibodies: Sections were processed a.ccordin% o
indirect peroxidase [28] and alkaline phosphatasc anti-alkaline
phosphatase (APAAF) methods [29]. Normal human lymph nodes
were stained in parallel as positive controls. Sections incubated with
isotype-matched mouse MoAb at the same concentration instead of
primary MoAb werc used as negative controls. The step section
iethod was used to evaluate results; serial sections of each tissue
specimens were carefully evalnated by two of us (NP and LB}. Fora
quantitative analysis, the stained cells were counted in five consecu-
rive microscapic fields (X 250), bath in the lamnina propria and in the
epithelivm. The results in the lamina propria were expressed as the
number of stained cells per 100 observed cells; those 1n the epithe-
lium were expressed as the aumber of stained cells overlying 100
basal cells. Only cells whose nuclei were contained in the plane of
the section were considered. The results were scorcd independently
by the two authors, and the resulting hgures were averaged. The
antibodies used ate listed in Table T, their specificities have been
reviewed elsewhere [4). To rule out the possibility that OKMS3
staining of DC was associated with vascular staining, serial sections
were incubated with biotin-conjugated Ulex Europaeus Agglu-
tinin-1 (UEA-I), a marker for endothelial cells, and processed ac-
cording to an indirect immunoperoxidasc technique 28].

Fluorochrome-Labeled Antibodies:  Cryostat sections were processed
according to a double-labe), indirect immunofluorescence tech-
nique |21] in 13 of 29 H1V+ subjects and four of eight HIV—
subjects. The following sc%ucnce of MoAb and fluorochrome-
conjugated antiscra was used: 1) OKM5 MoAb; 2) biotin-conju-
gated goat anti-mouse (Amersham, Buckingamshire, UK}; 3) strep-
tavidin-conjugated Texas Red {Amersham); 4) mousc Ig to block
the secondary antibody; 5) FTIC-conjugated anti-HLA-DR MoAb
{Ortho Diagnostic Systems, Raritan, NJ). In negative controls, the
primary MoAb was replaced with an isotype-matched mouse
MoAb. No specific fluorescence was detected in skin sections incu-
bated with any of the fluorochrome-conjugated antisera used alone.

Electron Microscopy  The tissue was fixed with 2.5% formalde-
hyde and 2.0% glutaraldehyde in 0.1 M cacadylate buffer, pH 7.4,
followed by 1.0% OsO4 in 0.1 M phosphate bufter, pH 7.4, and

in perivascular location, clustered with T cells {for further deails, see [27])-

embedded in Epon 812, Ultrathin sections were stained with urany}
scetate and bismuth tartrate and ohserved in a Siemens Elmiskop I
and a 102, at 80 kV.

RESULTS

Light Microscopy

Enzypme-Labeled Antibodics: 'We have found CD36+ DC in both
the Tamina proptia and epithelium of che oral mucosa. No substan-
rial differences in the number and distribution of these cells wete
found between the different groups of specimens, cxcept for HL,
where CD36+ DC were practically absens from the epithelium,

In the lamina propria, C36+ DC were regularly distribueed
around blood capillaries (Fig 1 and 24); these cells were differen-
ciated from endothelial ones because of both their dendritic shape
and their unreactivity with UEA-I in serial scctions (Fig 2B). TE&
sumber of HLA-DR+ DG, both in areas of HL and in the clinically
healthy mucosa of HIV+ subjects, was much lower than that of
CD36+ DC {Fig 3), whereas these numbers weze similar tu each
other in HIV— subjects. No CD1at+ DC were found in the lamina
propria of clinically healthy mucosa of either HIV— or HIV+ sub-
jects; in areas of HL, CD1a+ DC wcre found in pcrivascular laca-
tion, associated with T cells (data shown in [27}). The numbers of
CD11b+, CD11ct, and CD14+ cells were tairly constant and
always very low among all the examined specimens, These cells
were interspersed between collagen bundles, independent of capil-
laries: no CD36+ or HLA-DR+ cells were found in this location.

In the epithelium, CD36+ DC were usually scarce in the speci-
rmens of clinically healthy mucosa of HIV— and HIV+ subjects;,
they were localized in both the basal and suprabasal layers (Fig 1 and
4). The number of intracpithelial HLA-DR+ DC was much lower
in HIV+ subjects than in HIV— subjects (Fig 3), although the num-
bers of CDia+ and CD36+ DC ‘were similar between the two
groups of subjects. In HL, the finding of CD36+ cellsin the epithe-
Iimgl was absolutely exceptional. Quantitative data ase given in
Table I

Fluorochrome-Laheled Antibodies: Inboth the epithclium and lamina
propria, CD36+ DC regularly co-expressed HLA-DR antigen in
HIV— subjects; conversely, in HIV+ subjects the DC stainitig posi-
rively for both CD36 and HLA-DR was less than 40% of the DC
staining positively for C1)36 only.

Electron Microscopy We took advantage of the clear-cut com-
partmentalization of CD1a+ and CD36+ DC between the epithe-
Jium and lamina propria of the clinically healthy mucosa of HIV+
subjects (sec Table 1) to investigate the fne structure of DC around
blood capillaries of the oral mucosa. In this location, where only
CD36+ DC were recognized by light microscopical immunohisto-
chemistry, cells dendritic in shape were also identified by electron
microscopy-
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Figure 1. Dendritic cells stained by anti-CD36 monoclonal antibody are
shown in the epitheliwm {arrows) and in the lamina propria (arrowhea:}.:) of
the clinically healthy lingual mucosa of an HIV+ subject (APAAP, magnifi-
cation X 160}.

These cells had an oval nucleus, wich palc chromatin excepr for a
thin pepheral rim (Fig 5). They contained some cistcrnac OF rough
endoplasmic reticulum, a few smooth tubules and vesicles, a promi-
nent Golgi apparatus, and numerous dense, round, membrane-
bound bodies, about 1 gm in diameter {presumably lysosomes). Few
of these latter bodies were near the Golgi apparatus; instead, mast
were gathered outside the Golgi region. The content of these bodies
was either homogeneous or included one or a few round densities,
mostly Jocated at the periphery (Fig 5).

Areas of focal adhesion to the extracellular matrix were some-
times obscrved at the surface of these cells. These areas consisted of
thin, dense patches at the inner side of the plasma membrane, into
which thin cytoplasmic filamenes converged, and of focal, linear

Figure 2. A, Perivascular dendritic cells stained by anti-CD36 monoclonal
antibody (arrow) in the lamina propria of the tongue of an HIV+ subject
(APAAP, magnification X 400); B, UEA-I+ vessels (arrowhead) are shown in
a serial section of the same specimen (immuno-peroxidase, magnification
X 400).

Figure 3. No cells stained by anti- HLA-DR monoclonal andbody can be
recognized in the lamina propria of the clinically healthy lingual mucosa ofa
HIV+ subject; only one stained cells is visible in the epithelium {arrow)
(APAAP, magnihcation X 160).

densities in the extracellular space adjacent to the plasma membrane
(Fig 6).
DISCUSSION

In this study, DC expressing CD36 antigen were found in the
lamina propria and epithelium of the oral tnucosa in both HIV—and
HIV+ subjects. The numbers of these cells were not significantly
different berween the hiopsies of the HIV— subjects and the clini-
cally healthy mucosa of HIV+ subjects. On the contrary, the ex-
pression of HLA-DR by CD36+ IDC was much lower in HIV+

LA, i &

Figure 4. CD36+ DC in the basal cpithclial layer of the rongue of an
HIV— subject (arrows) (APAAP, magnification X 630).
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Figure 5. Dendritic cell close to a blood capillary in the clinically healthy mucosa of an HIV+ subject. Part of an endothelial cell (E) is included in the
photomicrograph. Note the prominent Golgi apparatus (GO) and the clusters of dense badies (*) outside the Golgi region. A focal adhesion to the extracellular
matrix is indicated by the arrow (Electron microscopy, magnification X 17,000}

subjects compared to HIV— subjects. In HL, CD36+ DC were
practically absent from the epithelium, but present in the lamina
propria.

To the hest of our knowledge, this is the ficst report of CD36+
DC in oral tissues. In the oral mucosa, as well as in the skin, these
cells are usually located around blood vessels in the lamina propria,
and few of them are found within the epithelium. It may be pro-
Foscd that these cells participate in local immune responses, simi-
arly to their connterpart in the skin [17],

We were not able to identify cells of the aral mucosa strictly
corresponding to che “perivascular dendritic macrophages” in the
skin described by Sontheimer [30] and defined, in addition to shape
and location, as being CD36—, CD11b+, and HLA-DR+ [21,30].
However, we cannot exclude that this discrepancy is due to modula-
tion of the expression of membrane antigens within a single cell

e.

t}'[;n the lamina propria of oral mucosa, CD1a+ DC were virtually
absent, which differs from what is 2 common finding (including
ours) in the dermis. CD11b+ cells, CD11c+cells, and CD 14+ cells
were found only independent of capitlaries; in this location, no cell
reacted with anti-CD36 or anti- HLA-DR antibodies differently
from what was observed in the dermis of clinically normal skin
[16,18]. Because of theix immune phenotype and localization, these
cells may be intecpreted as a counterpart of dermal hixed macro-
phages [31).

On the basis of shape and location, we identify the perivascular
DC observed by electron microscopy as the same cells that stained
positively for CD36 ancigen by light microscopy. The perivascular

DC described here differ in ultrastructure from Langerhans cells
and interdigitating reticulum cells in having much less developed,
smooth endoplasmic reticulum, more cisternae of rough endoplas-
mic reticulum, much more $ysosomcs, and focal adhesions to the
cxcracellular matrix. These features make the cells described here
like macrophages [32,33]. This is in keeping with the assumption
that CD36+ cells in the skin and oral mucosa [34] may be engaged
into active phagocytosis, at least toward melanin. Sontheimer et al
[21]described only occasional lysosomes in the CD36-+ perivascular
DC of the skin. We cannot state at present if chis discrepancy de-
pends on a difference in the ultrastructure of these cells between
different locations (skin versus oral mucosa) or on diffcrences in the
electron microscopy methods. In fact, we used routine preparatory
methods, whereas Sontheimer et al [21] used methods suitable for
immunoelectron microscopy, which affect the ultrastructure of
cells otherwise than routine methods.

In the epidermis of clinically normal skin of HIV+ subjects,
CD36+ DC are present in numbers equa! ta ot higher than thosc
found in HIV—subjccts [22], whereas CD 1a+ DC (Langerhansand
indeterminate cells) have been reported to be diminishcg in number
compared to HIV—subjects [35 - 40]. However, the decreased nur-
ber of Langechans cells in the clinically normal cpidermis of HIV+
subjects has not been confirmed by recent reports on wide numbers
of subjects [41,42]. On the basis of some of these results, it has been
proposed that CD36+ DC play a relcvant role as epithelial antigen-
presenting cells in the skin of HIV+ subjects [22]. In the epitheliom
of the clinically healthy oral mucosa of HIV+ subjects, hoth
CD36+ DC (this research) and CD1a+ cells [26,27,43] are similar
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Figare 6. A perivascular dendritic cell showing a focal adhesion to the
extracellular matrix {arrow}; the thin filaments, the dense patch on the inner
side of the plasma membrane, and the linear density in the excracellular space
adjacent to the plasma membrane ace clearly visible (electron microscopy,
magnification X 37,000},

in numher to HIV— subjects. Conscquently, our data cannot be
assamed to support the hypothesis that CD36+ DC of the oral
mucosa play a morc relevant role as epithclial antigen-presenting
cells in HIV+ subjects than in HIV= subjects.

The difference between the oumbers of CD36+ DC and of
HLA-DR+ DC in the lamina propeia of the oral mucosa of HIV+
subjects indicates that only part of CD36+ DC was HLA-DR+ in
HIV+ subjects, in contrast to those in HIV— subjects {which
seemed to be regularly HLA-DR+ on the basis of the corresponding
numbers and of double-labeling immunofluorescence studies). A
reduction in the expression of HLA-DR antigens has been found
also for CD1at+ DC in HIV+ subjects {{27]; see also 'Table 1). On
the contrary, there are only minor differences between the numbers
of CD1a+ and of HLA-DR+ DC in the oral cpithelium of HIV—
subjects; these differences may be interpreted as due to more (CD1a)
or less (HLA-DR) surface membrane-bound staining, similar to
what is regularly observed in skin sections.

Because minor alterations in the immune phenotype may hintata
biologically meaningful functional impairment of antigen-present-
ing cells [44,45], the difference in the expression of HLA-DR anti-
gens between the CI)36+ 1DC of 111V and those of HIV— subjects
could imply that in the former subjects these cells are less efficient in
antigen presentation than in the latter. Further insults, ineffective if
isolated, could be crucial in determining a major alteration in the
diffcrentiation of these cells and consequently in local cell-mediated
immune responses. Hairy leukoplakia might be a good cxample of a
condition UF greatly harnpered differentiation of antigen-presenting

C1336 + DENDRITIC CELLS IN THE ORAL MUCOSA 541

cells in immune deficient subjects, as shown here for C136+ DC,
and in a previous report on CDa+ DC [27].
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