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Orig‘nal Confributions

Morphology and Membrane Antigens of
Nonlymphoid Accessory Cells in Oral

Hairy Leukoplakic

R, RICCARDI, ScD, N. PIMPINELLI, MD, G. FICARRA, MD,
L. BORGOGNONI, MD, D. GAGLIOT, MD, D. MILO, MD, and

P. ROMAGNOLI, MD

We have investigated the features and distribution of accessory
cells (ACs) and the relationships of these cells to each other and
to lymphocytes in the epithelium and lamina propria of oral
hairy leukoplakia (FIL), with the objective of better defining the
differentiation and mutual interactions of immune-response cells
within HL as a preliminary step to understanding the onsct and
sigmificance of this lesion during human immunodcficiency vi-
rus (HIV) infection. T'wenty-four HIV-infected patients with HL,
two asympiomatic HIV-positive subjects, and three HIV-negalive
subjects were studicd by immunohistochemistry; five HIV-
positive paticnts with HL and (hree asymptomatic HTV-positive
subjects were studied by electrun micrescopy. In both the epithe-
lium and the lamina propria of HI., we found cells with the im-
munvhistochemical and wltrastructural features of variably dif-
ferentiated ACs; differences were found between the epithelium
and lamina propria. In the lamina propria, ACs were character-
ized by dendritic shape, multiple contacts with lymphocytes, ex-
pression of CDla antigen, and ultrastructural features of fully
differentiated ACs. Conversely, in the epithelium ACs showed
bluntly dendritic shape, low expression of CD1a, absent expres-
sion of HLA-DR, constant expression of CD11c and CD14 anti-
gens, only occasional contacts with lymphocytes, and ulirastruc-
tural features of variably, but always incompletely, differentiated
cells of monocyte-dendritic lineage. Seventy-nanometer wide in-
tracistcrnal particles, clusely resembling A particles deseribed in
retrovirul infections, were found in the intraepithelial ACs in twa
patients with HL. The defective differentiation of ACs in the
epithelium of HL—possibly influenced by the perturbation of the
epithelial mictoenvironment induced by Epstein-Barr virus, and
foltowing the direct HIV infection of these cells—and the excep-
tional finding of close contacts with lymphocytes suggest that the
lesional epithelium of HL may constitute a pathway for the entry
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of foreign antigens which circumvent monitoring by ACs and can
induce immune tolerance. The impairment of the local immune
response in HL may contribute to the development of full blown,
systemic immunodeficiency. Hum PatnioL 21:897-904. € 1990
by W.B. Saunders Company.

Langerhans cells are accessory cells (ACs) of the
immune system which express on their plasma mem-
brane CD4 antigen'? and are therefore susceptible to
infection by human immunodeficiency virus (HIV),
which leads to a redtuction of Langerhans cells bear-
ing DR antigens, and possibly to a functional impair-
ment of these cells in the skin.** Langerhans cells are
possible hosts of HIV in the earliest phases ol
infection,? and have been shown to be capable of in
vive and in vitro production of HIV.1%-12 [n the oral
epithelia, CDla+ Langerhans cells have been found
to be progressively reduced in number, from normal
subjects {ie, subjects not infected with HIVY, through
asymptomatic HIV-infected subjects and patients
with acquired immunodeficiency syndrome (AIDS)-
rclated complex, to tull-Blown AIDS pattents, but
these difterences in number were not significant; the
numbers of CDla+ cells in the lamina propria of the
samne biopsies were generally similar among the dif-
ferent groups of subjects.!®!*

Hairy leukoplakia (HL) is a lesion of the lateral
margins of the tongue. Recently identified in patients
infected by HIV, it was first recognized in male ho-
masexuals, and later also in hemaophiliacs and drug
addicts of both sexes.'>'® Epstein-Barr virus has been
identified in the spinous epithelial cells of HL; this
virus may have 4 causal role in the lesion 1922 Hary
leukoplakia has a relevant, unfavorable prognostic
value.'® A decrease in the number of CDla+ Lang-
erhans cells has been described in the lesional epithe-
lium of HL, compared with adjacent, apparently
healthy mucosal areas. !

In view ol the unfavorable prognostic value of
IIL in AIDS and of the role of Langerhans cells in
stirmilating immune responses, we have investigated,
with light microscopic immunohistochemistry and
electron microscopy, the features and distribution of
Langerhans cells and other ACs, and the relation-
ships of these cells to each other and 1o lymphocytes
in the epithelium and lamina propria of HI. The
objective ol this study was to better define the differ-
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entiation and mutual interactions of immune re-
sponse cells within TIL, as a preliminary step 10 un-
derstanding the onset and significance of this lesion
during IV infection,

MATERIALS AND METHODS
Patients and Blopsies

‘T'he subjects for this study belong 1o a previously de-
scribed group of patients.'®'¥#! They are 24 patients with
HL, 92% of whom belong to the wntravenous drup abusers
risk group, with the remaining 8% belonging 10 other risk
groups. All rthese subjects were serologically positive for
HIV, and had clinically typical lesions on the lateral mar-
gins of the tongue.

Punch biopsies were obtained from each lesion at the
time of diagnosis. Biopsics from the tongues of three sub-
jects not infected with HIV, and from clinically healthy buc-
cal and tongue mucosa of three HIV-infected patients,
were also obtained. Tissue sumnples from lesions and conrrol
mucosa were in part formalin-fixed and ¢mbedded in para-
plast for histologic examinatiots. Part of cach specimen ws
snap-frozen and stored at —80°C until preparation for im-
munohistochemistry: parts of tive specimens {rom HL and
three specimens from clinically healthy mucosa of HIV-
infected patients were prepared for elecuon microscopy.
The histologic examination (Iig 1) demonstrated the well-

FIGURE 1. Hciry leukoplakia. Classic histopathologic features
(acanthosis, parakeratosis, and large pale-staining cells—so called
ballcon-cells) are shown. [Hematoxylin-eosin stain; magnificetion
* 300,
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known characieristic features of H1..'%'® The diagnosis of
HL was conlirmed by in situ DNA hybridization for Ep-
stein-Barr virus in 20 cases,?! and ultrastructural demon-
stration of herpes-type virions in four cases.'#

Light Microscopic Immuncohistochemistry

Tissue specimens were snap-frozen and stored at
- 70°C unnil sectioned. Six-micrometer thick eryostat sec-
tions were air-dried, fixed in acelone for 10 minures, and
processed according o a previously described indirert im-
munopceroxidase method.”® Normal hurnan lymph nodes
were likewise stained as positive controls. Sections incu-
Lated with only rhe primary antibody and sections incu-
bated without any antihady were used as negalive controls.
For a quantitaive analysis, the stained cells were counted in
tive consecutive microscopic fields of the lamina propria
and in live consecutive microscopir: fields of the epithelium
(comprising the basal membrane) at a magnitication x 250,
The resnlts in the lamina propria were expressed as per-
centage of srained cells; those in the cpithelium were ex-
pressed as the number of stained vells overlying 100 hasal
cells. Only cells whose nucleus was contained in the plane of
the section were ronsidered. The antibodies used and their
specificitics?? are listed in ‘Table I.

Electron Microscopy

Specimens were fixed with 2% glutaraldehyde and
2.5% formaldchyde in 0.1 mol/L cacodylate bulfer, pH 7.4,
followed Ly 1% OsQ, in 0.1 molL phosphate buffer, pH
7.4, and were embedded in Epon 814, Sections were stained
with uranyl acetate and bismurh tartrate,®® and observed in
Siemens Elmiskop I and 102 electron microscopes at 80 kV.

RESULTS
Immunchistochernistry

In the lanuna propria of 22 out of 24 HL speci-
mens, a sparse infilrate of CD2+, CD3+, CD8+,
CD1-,CD25 , CD30—, [TLA-DR - lymphoid cclls,
and CDla+ dendritic cells (Fig 2) was found; the
finding of CD4 + cells was occasional. Tn these cases,

TABLE 1. Monoclonal Antibodies Used

Monoclonal Clusier of
Anubody Differentiation Source Specificity®?

T1 (84074 o E-1asente receptor

OKT3 D3 QDS Mature T-cells

T4 CD4 oG Helperiinducer
T.cells

(KT8 (993 ons Suppressor/cytotoxir:
U-cells

Leu-i4 D2z BD B cells

OK7TH CDila ODns Langerhans cells,
T-zone accessory
cells

OKMI C1 b QDS Monouytes,
macrophages

Leu-M3 {Dtle BD Manocyies,
macrophages

Leu-M3 D14 DD Manucytes,
macrophages

Anti-HLA DR D Class 1 molecuics

Ani-1L2 cnzh BD Activated cells

receplor
Ki-1 CD30 DP Activated cells

Abbreviations: €., Coulter Clonc, Birmingham, United Kingdom;
0N, Ortho Diagnostic Systems, Raritan, NJ; BD, Beeton Dickinson, Sun
Valley, CA; DP, Dakopauts, ¢Copenhagen, Denmark.
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FIGURE 2. CD1a+ dendritic cells in the lomina propria of HL. Note
the virtlual absence of CDAa + cells In the epithelium. (Immunoper-
oxidase stain; magnification % 360)

a large number of HLA-DR+ vascular structures
were found. No appreciable infiltrate was found in
the lamina propria ol the control biopsies from HIV-
positive and HIV-negative subjects, vxcept tor small
clusters of T cells, with CD4/CD8 ratios varying from
1:1 1o %:1, and CDla+ dendritic ceils. The number
of CD11b+, CDllc+, and CD14 + cells n the lam-
ina propria was fairly constant among all the speci-
mens, with no relevant difference between HL spec-
imens and other groups of specimens.

Within the epithelium of 21 out of 24 HL spc-
imens, CD2+, CD3+, CD8+, CCD4—, CD25—,
CD30—, and HLA-DR — lymphoid cells were seen in
small numbers, while this finding was exceptional in
all the other specimens. Only two CD4 + cells were
observed in the epithielium among all the examined
specimens. The number of CDla+ dendritic cells in
the epithelium of HL was always scarce (Fig 3). This
number was much lower than in the apparently un-
atlected adjacent mucosa from the same subjects (Fig
4), and in the epithclium of clinically normal mucosa
of HIV-positive and H1V-negative individuals. These
cells were atlways HLA-DR— in HL, and sometimes
HLA-DR t in the other cases. CDllc+, CD14+,
CDl1b+/—, CDla—, and HLA-DR — cells were ob-
served in the epithelium of HL only, being mainly

FIGURE 3. Epithelium of HL: only one CD1a+ dendritic cell is evi-
dent. [mmunopetoxidase stain; magnification X 360)

located in the basal layer (Fig 5). Cells with sumilar
immunologic features were never detected in the con-
trol biopsies {rom H1V-positive and HIV-negative
subjects.

Quantitative: data are given in ‘Lable 2.

Electron Microscopy

In the lamina propria of IIL, variable numbers
of infiltrating cells were seen in clusters of two or
more. In these cell clusters, lymphocytes and nonlym-
phoid cells were regularly associated with vach other.
Nonlymphoid cells had an oval, indented, pale nu-
clens with a thin, peripheral condensed rim, a well-
developed Golgi apparatus, many smooth vesicles
throughout all the cyloplasm, and many pits on the
plasma membrane. The rough endoplasmic reticu-
lum was variably developed; primary lysosomes were
invariably found in the cytoplasm of these cells, and
sometimes secondary lysosomes as well. These cells
came into close contact with cach other and lympho-
cvtes over extended areas: in these areas the unit
membranes of adjacent cells were about 20 nm dis-
tant from each other (Fig 6). Some mast cells were
contained in this infiltrate.

In the lamina propria of apparently healthy ar-
eas of HIV-infected patients (with or without HL),
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FIGURE 4. Perilesional lingual mucosa of patient with HL, Large
numbers of CD1a + dendritic cells are documented. (immunoper-
oxidase stain; magnitication x 360)

some infiltrating cells were seen with features resem-
bling those described above for the cells in the lamina
propria of areas ol HL.

In the epithelivm of IIL, an appreciable number
of lymphocytes, sotmetimes gathered in groups of two
to five, were seen. A small number of nonlymphoid,
nonkeratinocyte cells were also found within the basal
epithelial layer, All these cells had an oval, mdented
nucleus and pale chromatin with a thin, peripheral
condensed rim; they were sometimes roundish with
poorly developed organelles, and sometimes, on the
contrary, they were dendritic in shape (but with rel-
atively large and paorly branched dendrites) and con-
tained a well- -developed Golgl apparatus and many
smoath vesicles (Fig 7). Typical or rudimentary Bir-
beck granules were never scen, despite careful exam-
ination. Only exceptionally were these cells seen in
contact with lymphocytes (Fig 7). Round particles,
about 70 nm in diameter, formed by a dense core
bounded by a unit membrane, were seen within the
endoplasmic reticulum of the above-described non-
lymphoid, nonkeratinocytic, intraepithelial cells of
two patients (Fig 9, wap).

In the epithelium ol apparendy healthy areas of
Hl1V-infected patients (with or without HL), some
lymphocytes, sometimes gathered in groups of two to

Volume 21, No. 9 {(September 1990)
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FIGURE 5. Scaofiered CDHc + csllis in the basal epithelium of HL.
{Immunoperovidase stain; magnification x 340) (Insef} Nate the
dendritic shape of one of these cells (arrow) at higher magnifica-
tion. (Magnification x 1,400]

five, and nonlymphoid cells were seen. These latter
cells were located in the basal and suprabasal layers,
were often in contact with lymphocytes, and had an
ovoid body and thin, long, cvtoplasmic branches (Fig
8). 'They contained well-developed smooth endoplas-
mic reticulum and Galgi apparatus, some cisternae of
rough endoplasmic reticulum, numerous primary ly-
sosomes, and sometimes Birbeck granules as well (Fig
9, bottorn left and right).

DISCUSSION

In both the epithelium and lamina propria of
HL, we have found cells wath the immunohistochem-
ical and ultrastructural features of ACs. Differences
in the features of these cells were found between the
epithelium and the lamina propria.

In the lamina propria, these cells were character-
ized by dendritic shape, clustering with lymphocytes,
and expression of CD1a antigen. By electron micros-
copy, these cells were well-recognized because of their
localization, shape, and relationship to lymphaocytes.
They were characterized by an indented pale nucleus
with a thin peripheral rim of condensed chromatin, a
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TABLE 2. Quantitative Assessrment of Immunostained Cails
Epithellum*

Lamina Propriat

Monoclonal

Anubody HL  HIVi/-3  HI.  HIV+/- 8§
Anti-CD2 3-14 2-4/1-4 34-72 61-68/67-75
Anti-CD3 3-11 (-3/0-3 4Y-67 52-60/58-69
Anu-CD4 — — -4 15.27/34-41
Ant-CD8 1-9 0-2/0-3 44-61 18-33/15.24
Ann-ChH25s — —_ — 2-8/4-17
Anti-CD30 - - — —f14
Anti-HLA Dr — 2-4/3.9 -_ 5-12/11-1%
Anti-CDla 1-3 9-16/11-21 8-23 L11-27¢%-16
Anti-CD11hH 1-4 —_ 69 5-9/2-8
Anti-CD11¢ 5-8 —f 812 6-1214-10
Anu-CD14 3-7 —— 6-11 3 R/3-8
Anti-CD22 —_ — ——

* Immunostained cells in the cpidermis overlying 100 basal
cclls,

* Tmmunosiained cells per 100 infiluating cells.

§ HTV-positive controls: either lingual mucosa fram ITTV-
infected subjects without ML o perilesional, clinicaily healthy mu-
cusa from patients with HL.

§ Appreciable infiltrate only focally found.

well-developed Colgi apparatus, and mauy smooth
vesicles and primary lysosomes. All these features
meet the criteria of fully differentiated ACs of sec-
ondary lymphoid organs (interdigitating reticulum
cells)**>% und of lymphoid T-ccll infiltrates of the
skin®**! and mucous membranes.*s* The expres-
sion of CDla antigen, the shape, the ultrastructure,
and the extended and close contacts with each other
and with lymphocywes are shared by the ACs observed
in the lamina propria of HL. and those which arc
known to be functionally operating in the immune
response.® Lherelore, the morphologic equivatent
of a cell-mediated immune respunse, ie, clusters of T

FIGURE 6. Lomina propria of
HL. Nenlyrnphoid ¢sll in close
contact with two lymphocytes
(L) which were recognized at
lower magnification. Primary
lysosomes, coated vesicles
(orowhead), and narrow in-
vaginations of the piasmg
membrane (arrows) are evi-
dent. (Electron microscopy;
magnification X 16,560)

cells and fully differentiated ACs in close appusition
to each other, occurs in the lamina propria of HL.
However, the presence of these clusters may not nec-
essarily imply that immune responses in these areas
are normal because the antigenic phenotype of ‘I’
cells—which are predominanty CD8+—does not
correspond to that usually found in cutaneous and
mucosal immune responses where CD4 + lympho-
cyles predominate. 638

In the epithelium, nonlymphoid nonkerati-
nocytic cells were characterized by bluntly dendritic
shape, localization restricted 10 the basal layers, low or
absent expresston of CDla antigen, absence of [1LA-
DR expression, constant expression of CD1lc¢ and
CD14 amtigens, and lack of clustering with lympho-
cytes. The CD1lc and CDI4 antigens are strongly
expressed by monocytes*?1* and tissue macro-
phages,**> while CD11c antigen ouly is expressed,
even though to 2 lesser extent, by Langerhans cells. ¥
'The CD1a antigen, on the contrary, is strongly ex-
pressed by Langerhans cells and 'I-zone ACs in der-
matupathic lymphadenitis*”#® and in the skin, 37404
but not by monocytes and macrophages. By electron
microscopy some of the nonlymphoid nonkerati-
nocyte cells in the epithelium were roughly similar to
those found in the lamina propria, but they showed
rclatively large and puoorly branched dendrifes, con-
taned ftew if any primary lysosomes, and contacted
lymphocytes only exceptionally; others had a round-
ish shape and poorly developed organelles, therefore
resembling monocytes. We interpret all these cells as
variably, but always incompletely, dillerentiated cells
ol munocyte-dendritic lincage 26282947 "['he incom-
plete difterentiation of ACs and the virtual absence of
CD4+ T cells in the lesional epithelium of HL indi-




HUMAN PATHOLQGY

cate that an efficient immune response cannot occur
in this tissuc, and suggest that defects in the differ-
entiation of intracpithelial ACs play a major role in
the defective inwraepithelial immune TESPUTISE.

To the best of our knowledge, this is the first
report on the presence of CDIlc+ and CD14 + cells
in the epithelium of HL, and on the ultrastructure of

Volurne 21, No. 9 (September 1990)

FIGURE 7. Epithslium of HL
Nonlymphaid nonkeratino-
cytic cell with iarge and
poorly branched dendrites in
the basal layer. This figure
documents the occasional
finding of appaosition to ym-
phocytes (arrows). The arrow-
heads indicate the intrgcister-
nal particles, shown at highar
magnification in fig 2, top.
(Electron microscopy; magri-
fication x 5,045)

ACs in the epithelinm and lamina propria of HL and
clinically normal mucosa of HIV-positive subjects.
The findings concerning the density and localization
of CD1a+ cells in the epithelium and lamina propria
of HL and control speciinens are in agrecment with
those of other investigators,!? showing a relevant de-
Crease in the number of these cells in the lesional

FIGURE 8. Epithelium of clin-
ically healthy mucosa of Hiv-
pasitive patiant. Nonlymphoid
nonkeratinocytic ¢sll in closa
contact (arrow) with o fym-
phocyle (L) in the basat kayer.
(Electron microscopy: magni-
fication x 11,800)
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FIGURE 9. (Top) Epithelium of HL. Round particles with a dense
core (arows) In the endoplasmic reticulum of the nonlymghoid
nonkeratinocytic cell shown In Fig 7. (Electron microscopy: magni-
fication x 35000) (Bottorn left and right] Epithelium of clinically
healthy mucesa of Hiv-positive patient. Bitbeck granules ot ditferent
sites (arrows) from two nonkeratinocytic cells. (Electron microscopy.
Magnifications: left, X 5500, ight, x 70,000)

epithelium of HL compared with the adjacent cpithe-
lium of clinically normal mucosa and of HIV-positive
and HIV-negative controls,

The intracisternal particles, about 70-nm wide,
found in the intraepithclial ACs ol two patients re-
semble intracisternal A particles described in retrovi-
ral infections*?; this finding is in line with the re-
ported infection of these cells by HIV.#62

Tt is impossible to state exactly what initiates this
peculiar alteration of the lesional vpithelium known
as HL. On one hand, the perturbation of the epithe-
lial microenvironment, possibly induced by Epstein-
Barr virus,* along with other putative local factors
may have a direct ellect on the differentiation of ACs
as suggested by various authors in diffcrent stud-
1es. 43138 On the ather hand, the direct HIV infec-
tion of ACs'%12 may contribute to the perturbation of
the local immune response, thus facilitating the ex-
pression of Epstcin-Barr virus within keratinocytes.

In any case, it may be inferred from the data

903

presented here that the lesional epithelium of HL
represents a pathway for the entry of fureign anti-
gens, which may induce immune tolerance because
they circumvent monitoring by Langerhans cells.®”
Since IIL often heralds full-blown AIDS,!* the dem-
onstration of a delective intraepithelial differentia-
tion of ACs in this condition, achieved in this re-
search, leads us to stress the importance of alterations
of ACs as an early step in the development of
immunodeficiency.**'? Moreover, the results of this
study as well as thosc of other investigations'#° show
the importance of taking into account differences in
the degree of impairment of local immune response
among different regions of the body in order to un-
derstand the clinical manifestations of AIDS.
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