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Lack of Expression of Intercellular Adhesion
Molecule ICAM-1 in Lepromatous Leprosy Patients'
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Leprosy patients, particularly leproma-
tous leprosy patients, are unable to react
either in vivo or in vitro against Mycobac-
terium leprae antigens; this phenomenon is
antigen specific. The cause of this specific
immune anergy remains unknown. Specific
T-suppressor cells and a poor production of
cytokines (such as interleukin-2 and gamma
interferon) have been postulated as possible
causes of such anergy (* ''-'3). Usually im-
mune inflammatory skin diseases are me-
diated by the selective influx and localiza-
tion of T lymphocytes. Receptor-ligand
interactions between skin cells and T lym-
phocytes play an important role in the tissue
migration of T lymphocytes, a phenomenon
that involves cytokine production and ad-
hesion molecule expression by lymphocytes
and skin cells; these molecules are called
adhesins ('°). The main functions of adhe-
sins appear to be the promotion of cellular
interactions, such as those occurring be-
tween immune cells, and the regulation of
the cell-extracellular matrix interactions
(*69). Adhesins expressed by lymphocytes
[LFA-1 (lymphocyte function-associated
antigen-1), LFA-2] have specific ligands
[ICAM-1 (intercellular adhesion molecule-
1), LFA-3] that are found in other immune
and nonimmune cells (7% '¢). Recently, ke-
ratinocyte ICAM-1 expression has been
found in inflammatory dermatoses that have
in common lymphocyte apposition under
the epidermis (1% '7-'%). In vitro studies have
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shown that T cells bind to keratinocytes af-
ter the epithelial cells are stimulated with
gamma interferon (IFN-v) and/or tumor
necrosis factor alpha (TNF-a) (27 14 16)_ It
is conceivable that an abnormal expression
of cell-adhesion molecules, mainly ICAM-
1, may contribute to the poor inflammatory
response seen in the skin of lepromatous
leprosy patients in response to M. leprae.
We have studied the expression of inter-
cellular adhesion molecules in skin lesions
of leprosy patients, as well as the in vitro
expression of these molecules after attempts
at induction with IFN-v in the apparently
normal skin of leprosy patients.

MATERIALS AND METHODS

Patients. Eleven lepromatous and eight
tuberculoid patients, who were on antimi-
crobial therapy (dapsone 100 mg daily plus
clofazimine 50 mg daily plus rifampin 600
mg once monthly, and dapsone 100 mg dai-
ly plus rifampin 600 mg once monthly, re-
spectively) were studied. Patients receiving
thalidomide or cortisone were excluded, as
were patients with lepra reaction. At the
time of biopsy, the patients were inactive
bacteriologically. Skin biopsies were taken
from lesional and apparently normal skin
of each patient. Positive control biopsies for
ICAM-1 were taken from lesions of patients
with psoriasis and lichen planus.

Detection of cell adhesion molecules.
Four-um cryostat sections were obtained
from frozen specimens, stored in liquid ni-
trogen, and mounted on glass slides. The
slides subsequently were fixed in acetone for
10 min and rehydrated in phosphate-buf-
fered saline (PBS) for 10 min. Then they
were incubated with normal horse serum in
PBS for 20 min, after which they were in-
cubated for 60 min in a humidified chamber
at 37°C with the following primary mouse
monoclonal antibodies: LFA-1 (CDI1la),
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TABLE 1. Intercellular adhesion molecules in lesional skin of patients with leprosy.®
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* Grading is as follows: — = negative; + = positive, moderate; + + = positive, strong.

v [CAM-1 = Intercellular adhesion molecule-1.
¢ EC = Endothelial cell.
¢4 KC = Keratinocyte.

¢ LFA-1 = Lymphocyte function-associated antigen-1.
f LFA-2 = Lymphocyte function-associated antigen-2.
¢ LFA-3 = Lymphocyte function-associated antigen-3.

LFA-2 (CD2), LFA-3 (CD58) (Dakopatts,
Glostrup, Denmark) and ICAM-1 (CD54;
kindly provided by Dr. T. Lowley and Dr.
E. Garcia, Emory University, Atlanta,
Georgia, U.S.A.). After the skin sections
were washed with PBS, they were incubated
for 30 min with the biotinylated secondary
antibody at 37°C. Then they were treated
with the avidin-biotin peroxidase system
(Vectostain; Vector Laboratories, Inc., Bur-
lingame, California, U.S.A.) for 30 min,
followed by incubation for 5 min in
3-amino-ethyl-carbazole, washed with dis-
tilled water, and counterstained with May-
er-hematoxylin.

Induction of cell adhesion molecule ex-
pression. Specimens of apparently normal
skin from leprosy patients were incubated
for 48 hr at 37°C in 100% humidity and 5%
CO, in RPMI-1640 medium (GIBCO Lab-
oratories, Grand Island, New York, U.S.A.)
supplemented with 5% fetal calf serum (Sig-
ma Chemical Co., St. Louis, Missouri,
U.S.A)), with penicillin (100 U/ml) and

streptomycin (100 ug/ml) (GIBCO) in the
presence of purified recombinant human
IFN-v (5000 U/ml; kindly provided by Dr.
J. Calderon, Centro de Investigacion y Es-
tudios Avanzados, Mexico). A portion of
the same biopsy was incubated under sim-
ilar conditions but without the addition of
IFN-v.

Analysis. All skin sections were evalu-
ated blindly by three separate investigators.
The results were expressed as a “‘positive”
or “negative” for each monoclonal anti-
body; positivity was further classified as
moderate or strong.

RESULTS

In all of the patients with tuberculoid and
lepromatous leprosy characteristic histolog-
ic features were found. In control biopsies,
ICAM-1 expression was present in the epi-
dermis and in the endothelial cells of the
dermis.

A lack of ICAM-1 expression was found
in the epidermis of skin lesions from pa-
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TABLE 2. Intercellular adhesion molecules in skin biopsies of apparently normal skin
from leprosy patients after incubation with gamma interferon.*

ICAM-1* ICAM-1

Patient
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no. EC\ KCd

Dermis

Dermis EC KC

Lepromatous leprosy

—_— O N 00 =IO B WD —
++4+++++++++

s

Tuberculo

00~ ON B W —
++++++++
+H+++++ 4+

++
++
-
-
++
++
-
++
++
++
++

+ 4+ + A+ +
T N
+H+ A4+

id leprosy

++
++
++
++
++
++
++
++

4+t
44+ 4+ ++
+ 4+ +++++

» Grading is as follows: — = negative
» [CAM-1 = Intercellular adhesion molecule-1.
¢ EC = Endothelial cell.

¢ KC = Keratinocyte.

. + = positive, moderate; ++ = positive, strong.

¢ LFA-1 = Lymphocyte function-associated antigen-1.
"LFA-2 = Lymphocyte function-associated antigen-2.
¢ LFA-3 = Lymphocyte function-associated antigen-3.

tients with lepromatous leprosy but ICAM-1
expression was observed in skin lesions from
the patients with tuberculoid leprosy. The
dermal expression of the other adhesion
molecules studied was similar in both tu-
berculoid and lepromatous leprosy patients.
LFA-3 was detected in the epidermis and
dermis of both types of patients (Table 1).
IFN-vy induced practically no epidermal
ICAM-1 expression in the biopsies of the
apparently normal skin of lepromatous lep-
rosy patients. In apparently normal skin bi-
opsies of tuberculoid leprosy patients, IFN-vy
induced a higher ICAM-1 expression than
in the lepromatous leprosy patients, but less
than that induced in healthy subjects (Table
2).

DISCUSSION

Leprosy is a chronic infectious disease
caused by Mycobacterium leprae. The oc-
currence or nonoccurrence of the disease is
closely interlinked with the absence of an

appropriate cell-mediated immune re-
sponse to M. leprae. The cause of specific
immune anergy in lepromatous leprosy pa-
tients remains undetermined. Since in other
inflammatory diseases the intercellular ad-
hesion molecules play an important role in
the initiation of inflammatory response, it
is possible that their abnormal expression
may contribute to the antigen-specific, poor
inflammatory response seen in the lepro-
matous type of leprosy. This working hy-
pothesis appears to have some support when
we consider the results obtained in the pres-
ent work, since skin lesions of lepromatous
leprosy patients in this series did not express
ICAM-1 in the epidermis. This fact may
impair the ability of these patients to fight
the infectious agent, and in that way, a more
widespread disease is permitted. Recently,
Modlin, et al. (*”) showed similar data re-
garding the tissue expression of adhesion
molecules in leprosy. However, we also
found that lepromatous leprosy patients are
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unable to express ICAM-1 in their appar-
ently normal keratinocytes after appropri-
ate incubation with IFN-vy,

As has already been pointed out, T lym-
phocytes from leprosy patients are unable
to produce the molecular signals to carry
out a normal cellular-immune response
toward M. leprae, particularly 1L-2 and IFN-
~. This lack of IFN-y production, due per-
haps to T-cell deletion or excessive down-
regulation, could be part of the pathogenesis
of this disease. Nevertheless, the finding of
no response of apparently normal keratino-
cytes to IFN-vy stimulation in lepromatous
leprosy patients shifts the attention of the
source of the immune defect in leprosy from
T cells to keratinocytes, cells with macro-
phage-like functions. It is possible that these
cells may play a more important role in this
disease than has been thought previously.
It may be stated that, among several pos-
sibilities, the dermal-epidermal interaction
in leprosy is anomalous due to defects in
epidermal ICAM-1 expression; it is likely
that this abnormality may be connected to
the development of the disease in the fash-
ion that we encounter in the clinical setting.
Another possibility is that the atrophic lep-
romatous leprosy skin cannot express
ICAM-1. However, several lepromatous
skin biopsies showed a minimal degree of
atrophy and, even in these cases, no ex-
pression of ICAM-1 was found. Further-
more, the atrophic skin of the elderly is ca-
pable of expressing ICAM-1 after IEN-y
induction (*).

With the aim of unravelling the immune
defect of the host toward M. leprae, it might
be helpful to study the expression of other
adhesion molecules, such as VCAM-1 or P
and E-selectins. Endothelial cells and kera-
tinocytes appear to be relevant in the in-
flammatory process, and abnormalities in
these cells might be related to the spectrum
of leprosy.

SUMMARY

It is conceivable that an abnormal ex-
pression of cell-adhesion molecules can
contribute to the poor inflammatory re-
sponse seen in some inflammatory skin dis-
eases. Adhesins are cell-surface molecules
that are expressed by many cell types. The
main function of adhesins appears to be the
promotion of cellular interactions, such as
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those occurring between immune cells. The
epidermis of patients with inflammatory
skin discases exhibits an increased expres-
sion of ICAM-1, and it has been postulated
that such increased expression can be im-
portant in the genesis of cutaneous inflam-
mation. The expression of cell-adhesion
molecules (LFA-1, LFA-2, LFA-3 and
ICAM-1) in skin lesions of leprosy patients
was studied, as well as the in vitro expression
of these molecules induced with gamma in-
terferon (IFN-v). A lack of expression of
ICAM-1 in the epidermis of lepromatous
patients was noted; in addition, no expres-
sion of ICAM-1 was seen in the nearly nor-
mal skin from these patients incubated with
IFN-v. A similar expression of the four mol-
ecules studied was noted in the dermis of
both the lepromatous and tuberculoid types
of leprosy. The epidermis of the leproma-
tous leprosy patients appears to have a de-
fective expression of ICAM-1.

RESUMEN

Es posible que una expresion anormal de las molé-
culas de adhesion celular pueda contribuir a la pobre
respuesta inflamatoria observada en algunas enfer-
medades inflamatorias de la piel. Las adhesinas son
moléculas de superficie expresadas por muchos tipos
de células. La principal funcion de las adhesinas parece
ser la promocion de las interacciones celulares tales
como aquellas que ocurren entre las células inmuni-
tarias. La epidermis de los pacientes con enfermedades
inflamatorias de la piel exhiben una expresion incre-
mentada de ICAM-1, y se ha propuesto que tal expre-
sion incrementada pueda ser importante en la génesis
de la inflamacién cutdnea. En este trabajo se estudid
la expresion de las moléculas de adhesion celular (LFA-
1, LFA-2, LFA-3, ¢ ICAM-1) en las lesiones dérmicas
de los pacientes con lepra, asi como el efecto del in-
terferon gamma (IFNv) en la expresion in vitro de estas
moléculas. Se noto6 una falta de expresion de ICAM-1
en la epidermis de los pacientes lepromatosos asi como
una falta de expresion de ICAM-1 en la porcion de piel
normal de estos pacientes cuando ésta se incubd con
IFNYy. Sin embargo, la expresion de las cuatro molé-
culas de adhesion estudiadas fue similar en la dermis
de los pacientes lepromatosos y tuberculoides. La epi-
dermis de los pacientes con lepra lepromatosa parece
tener un defecto en la expresion de ICAM-1.

RESUME

Il est concevable qu'une expression anormale des
molécules permettant 'adhésion cellulaire puisse
contribuer a la pauvre réponse inflammatoire observée
dans certaines maladies cutanées inflammatoires. Les
adhésines sont des molécules de surface cellulaire qui
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sont exprimées par beaucoup de types cellulaires. La
fonction principale des adhésines semble étre la pro-
motion des interactions cellulaires, telles que celles sur-
venant entre des cellules immunitaires. L'épiderme des
patients présentant des maladies cutanées inflamma-
toires montre une augmentation de I'expression
d’ICAM-1, et il a été postulé qu’une telle augmentation
de I'expression peut étre importante dans la genése de
I'inflammation cutanée. On a étudié 'expression des
molécules d’adhésion cellulaire (LFA-1, LFA-2, LFA-3
et ICAM-1) dans les 1ésions cutanées de malades de la
1¢pre, ainsi que I'expression de ces molécules in vitro,
induite par I'interferon-gamma (IFN-y). On a noté¢ un
manque d’expression d'ICAM-1 dans I'épiderme de
patients lépromateux; de plus, aucune expression
d’ICAM-1 n’a été observée dans la peau normale de
ces patients incubée en présence d'IFN-y. On a noté
dans le derme une expression similaire des 4 molécules
étudiées pour la lépre Iépromateuse et la I¢pre tuber-
culoide. L’épiderme des patients lépromateux semble
avoir une expression déficiente d’ICAM-1.
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