Follicular thyroid cells of autoimmune
thyroiditis may coexpress ICAM-1 (CD54) and
its natural ligand LFA-1 (CD11a/CD18)
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The leukocyte functional associated antigen-1 (LFA-1)—intercellular adhesion molecule-1
(CD11a-CDI18/CD54) intercellular adhesion system plays a crucial role in several
immunologic phenomena, including adhesion between lymphocytes and epithelial cells. In
previous studies evidence for CD54 expression on thyroid follicular cells in Hashimoto’s
thyroiditis was provided. In this study we evaluated the possible expression of CDI11a and
CD18 antigens on thyrocytes of patients with Hashimoto’s thyroiditis and on thyrocytes of
patients with Graves’ disease and simple goiter as controls; we used both alkaline phosphatase
immunostaining and indirect immunofluorescence on cryostatic tissue sections. The results
showed that LFA-1 (both CDI11a and CD18) positivity on thyroid follicles may occur in
glands of patients with Hashimoto’s disease, with a pattern very similar to that of CD54: this
was observed in five of seven specimens. Conversely, no positivity was observed in tissues from
patients with Graves’ disease or goiter: notably, isolated follicular cells from Graves’ goiter
tissues are induced in culture to express CD54, but not LFA-1. Using double-staining
techniques, we were able to show that in specimens from patients with Hashimoto’s disease,
the same follicular structures coexpressed LFA-1 and CD54. Such a coexpression of the two
ligands further emphasizes the possible role of this adhesion system in the pathogenesis of
epithelial damage, through bidirectional interactions between thyroid epithelial cells and
infiltrating LFEA-1 or CD54-positive mononuclear cells. (J ALLERGY CLIN IMMUNOL 1995;95:

1036-43.)
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During the last 10 years, much evidence has
been provided for “cross-talking” between thyroid
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Abbreviations used

APAAP: Alkaline phosphatase-monoclonal anti-
alkaline phosphatase complex
FITC: Fluorescein isothiocyanate

GD: Graves’ disease
HT: Hashimoto’s thyroiditis

ICAM-1: Intercellular adhesion molecule-1
LFA-1: Leukocyte functional associated anti-
gen-1
mAb: Monoclonal antibody

SG: Simple goiter
TBS: Tris-buffered saline
TPO: Thyroid peroxidase

follicular cells and infiltrating mononuclear cells in
autoimmune diseases. Namely, the autoimmune
thyrocyte is able to express major histocompatibil-
ity class II antigens,! in addition to large amounts
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of class I antigens, to efficiently present exogenous
processed peptides 2 and to elicit the proliferation
of specific autoreactive CD4+ T-cell clones.® It is
likely that, especially in autoimmune thyroiditis,
follicular cells may interact with CD4+ regulatory
or CD8+ (or even CD4+) cytotoxic cells through
surface major histocompatibility complex mole-
cules, and such a mechanism is crucial in the
pathophysiology of the disease. Moreover, it has
been demonstrated in different laboratories, in-
cluding our own, that CD54, or intercellular adhe-
sion molecule-1 (ICAM-1), an intercellular adhe-
sion molecule belonging to the immunoglobulin
superfamily, can be induced on thyrocytes in cul-
ture*” and is constitutively expressed on autoim-
mune thyrocytes, notably in Hashimoto’s thyroid-
itis (HT).*#° Such a molecule, by interacting with
its physiologic ligand, the leukocyte integrin leuko-
cyte functional associated antigen-1 (LFA-1)
(CD11a/CD18), plays a crucial role in most im-
mune reactions requiring cell-to-cell contact.!®-13
Thereafter, expression of CD54 has been demon-
strated on other types of epithelial cells during the
course of an inflammatory reaction, including al-
lergic inflammation.141°

In this study we show that thyroid epithelial cells
from patients with HT may bear on their surface,
together with CD54 antigen, its physiologic ligand
LFA-1, which is not present on cultured thyrocytes
and has been previously described only on leuko-

cytes.

METHODS
Tissue specimens

We examined surgically removed thyroid tissue from
seven patients with HT, five with Graves’ disease (GD),
and three with simple goiter (SG) (all women, aged 22 to
64 years). The diagnosis was established on the basis of
commornly accepted clinical and laboratory parameters
(including free thyroxine and triiodothyronine radioim-
munoassays, thyroid-stimulating hormone immunora-
diometric assay, technetium 99 scintiscan, thyroid ultra-
sonography, ELISA of antithyroglobulin and anti-TPO
antibodies) and typical histologic features. The patients
with HT underwent surgery because of suspected thy-
roid lymphoma on the basis of cytologic examination
results after fine needle biopsy was performed. At the
time of histologic examination (hematoxylin-eosin stain-
ing of paraffin-embedded sections), specimens from
patients with GD showed mild to moderate presence of
lymphoid cells, in some instances grouped in little areas;
however, no important mononuclear cell accumulation,
as observed in HT (focal thyroiditis), was observed.

HT specimens invariably showed large to very large
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accumulation of lymphoid cells, with oxyphil metaplasia
of variable extent. Fibrosis was present in one specimen.
After removal, thyroid specimens were cut into small
blocks, snap-frozen in 2-methylbutane, and then stored
at —80° C until they were sectioned. In some cases fresh
sterile tissue specimens were immediately carried to the
laboratory in cold phosphate-buffered saline and pro-
cessed as described below for follicular cell isolation.

Monoclonal antibodies

The following mouse monoclonal antibodies (mAbs)
were used:

CD54 (or ICAM-1): 84H10 (Immunotech, Marseilles,
France), I1gG,

CD11a (a-chain of LFA-1): 25.3.1, IgG, and 8F2.7, 1gG,

CD18 (B-2 chain of LFA-1): 41.23.2, IgG,

(The latter three were generous gifts from Dr. Daniel
Olive, INSERM UI19, Marseilles).11-20. 21

Other IgG, mAbs were also tested as controls in
parallel experiments: anti-very late activation antigen-1
(Act-T-set; T Cell Diagnostics, Cambridge, Mass.} and
the anti-natural killer cell subsets, mAbs GI1.183 and
EB6 (a generous gift of Prof. Allesandro Moretta,
Genoa). The anti-thyroglobulin mAbs DAK-IgG (IgG
2a, Dakopatts A/S, Copenhagen, Denmark) were used
in other control experiments.

Immunochistochemistry and double staining

Four-micrometer—thick tissue sections were cut with a
Reichert-Jung cryostat (Leica Instruments GmbH, Nuss-
loca, Germany), placed on alcohol-cleaned glass slides,
air-dried, and stored at —80° C until use. Just before
staining, the sections were allowed to equilibrate to
room temperature, then exposed to absolute acetone for
10 minutes, followed by air-drying for another 10 min-
utes. An immunoenzymatic alkaline phosphatase mono-
clonal anti-alkaline phosphatase complex (APAAP) pro-
cedure was used throughout, according to previously
described methods.?>?* Briefly, the sections were sub-
mitted to appropriate dilutions of each mAb. After
washing in Tris-buffered saline {TBS) pH 7.6, the sec-
tions were incubated with rabbit anti-mouse immuno-
globulins, followed by APAAP complex: the two last
steps were repeated to enhance the sensitivity. Finally,
the sections were incubated in substrate solution, con-
taining basic new fuchsin, naphthol AS-BI phosphate,
and levamisole (as an inhibitor of endogenous alkaline
phosphatase) (all reagents from Sigma Chemical Co., St.
Louis, Mo.). Control sections were set up with irrelevant
isotype-matched mAbs or by omitting anti-mouse immu-
noglobulins. The preparations were counterstained with
Carazzi’s hematoxylin.

For double staining, streptavidin-peroxzidase and
streptavidin-AP were used in combination.?® To this
end, the sections were pretreated with H,0O, and meth-
anol to inhibit endogenous peroxidase activity and then
washed by immersion in TBS. Then they were incubated
with the first mADb at room temperature for 30 minutes,
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followed by repeated TBS washing. Then, link biotiny-
lated anti-mouse immunoglobulins (Biogenex Laborato-
ries, San Ramon, Calif.) at saturating concentrations
were added. After a 10-minute incubation and repeated
washing, the sections were incubated with horseradish
peroxidase-labeled streptavidin (Biogenex) for another
10 minutes. After washing, the preparations were
stained with diaminobenzidine (Sigma) and H,O, at
room temperature for 15 minutes, followed by 5-minute
washing in distilled water. The samples were then incu-
bated with excess avidin (Sigma) for 7 minutes, the
second mAb was added, and incubation was carried out
for 30 minutes as described above. After washing in
TBS, the sections were again added to link biotinylated
anti-mouse immunoglobulins for 10 minutes.

After washing with phosphate-buffered saline, the
samples were incubated with alkaline phosphatase-la-
beled streptavidin (Biogenex) for 10 minutes. After
further washing, the sections were stained with APAAP
substrate solution as described above, and hematoxylin
counterstaining (30 seconds) was performed. Control
samples were set up by omitting either the first or second
mAb or both. The preparations were mounted in buff-
ered glycerol and examined by means of a Leitz Labor-
lux microscope (Wild Microscopes, Rockleigh, N.I.)
equipped for microphotography.

Indirect immunofluorescence staining

Immunofluorescence was performed as previously de-
scribed.® Briefly, the sections were incubated for 60
minutes with the appropriate mAbs; after washing, they
were stained with biotinylated rabbit anti-mouse immu-
noglobulin antiserum for 30 minutes, followed by fluo-
rescein isothiocyanate (FITC)-conjugated avidin (Sig-
ma) for an additional 30 minutes. Parallel sections were
set up with the control mAbs. Double immunofluores-
cence control staining was performed with a human
serum strongly positive for anti-peroxidase autoantibod-
ies and CD1la mAbD in combination. The section was
first incubated for 30 minutes with the human serum
(optimal dilution 1:40, tested by previous titration, com-
pared with a TPO-negative serum) for 30 minutes,
washed, then incubated with biotinylated anti-human
IgG F(ab)2 goat antiserum (Dakopatts) for 30 minutes.
After appropriate washing, sequential incubations were
carried out with CD11a mAb and appropriately diluted
phycoerythrin-labeled F(ab)2 rabbit anti-mouse immu-
noglobulin antiserum (Dakopatts). The fluorescence
pattern was evaluated with a fluorescence-equipped
MiCroscope.

Follicular cell isolation and staining

Follicular cell isolation and staining were performed
as previously described.?® Briefly, tissues were minced in
small pieces, extensively teased in RPMI 1640 culture
medium containing L-glutamine (Gibco, Grand Island,
N.Y.) and antibiotics supplemented with 10% fetal calf
serum, washed, and digested by type IV collagenase (2
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mg/ml in culture medium). The resulting suspension was
filtered through a 60-mesh screen and submitted to
density gradient centrifugation on Ficoll-Hypaque
(Pharmacia, Uppsala, Sweden). After washing, the cells
were resuspended in culture medium and kept in tissue
culture flasks for 2 to 4 days in humidified air containing
5% CO,. At the appropriate time, the isolated cells were
stained by indirect immunofluorescence with the above-
mentioned mAbs and an FITC-labeled anti-mouse im-
munoglobulin antiserum (Organon Teknika Corp.,
Durham, N.C.). Control staining was performed with a
human serum strongly positive for both anti-thyroglob-
ulin and anti-peroxidase antibodies and an FITC-labeled
anti-human immunoglobulin antiserum (Dakopatts).

Cytofluorimetric reading was performed by an Epics
ProFile I (Coulter Corp., Miami, Fla.) or a Becton-
Dickinson FacScan cytofluorimeter (Becton Dickinson,
Mountain View, Calif.).

RESULTS

We stained thin cryostatic sections of thyroid
tissue from patients with HT, or tissue from pa-
tients with GD and SG for control, with CD54 and
CD11a (LFA-1 a-chain) mAbs with both immuno-
histochemistry and indirect immunofluorescence.
No thyroid follicular cell staining was observed in
GD with both immunofluorescence and APAAP
methods: in this disease LFA-1 mAb stained only
infiltrating mononuclear cells, as expected (not
shown). No staining was observed in tissues from
patients with SG.

However, when thyroid follicular cells from pa-
tients with SG (n = 3) or patients with GD (n = 2)
were isolated after collagenase digestion and cul-
tured for 2 to 4 days, even without any stimulus, a
spontaneous CD54 expression was noted on a
variable proportion of thyrocytes (12% to 65%)
(not shown). This confirms the results obtained in
other laboratories.>¢ In the same conditions, no
positivity for CD11a was observed.

Confirming previous results, five of six speci-
mens from patients with HT exhibited CD54 pos-
itivity on follicular cells (Fig. 1). This was apparent
with both immunofluorescence and APAAP meth-
ods. As previously described, entire follicular
structures or follicular portions expressed CD54:
the positivities were often (but not invariably) near
mononuclear cell infiltration areas.

As far as LFA-1 is concerned, follicular celi
staining, similar to that of CD54, was apparent in
four specimens. As shown in Fig. 2 (APAAP) and
Fig. 3 (immunofluorescence), CD11a mAb stained
whole follicles or follicular portions with a pattern
quite similar to that of CD54 mAb. Quite similar
LFA-1 staining (mainly pericellular) was observed
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FIG. 1. Follicular APAAP staining (red) by the CD54 mAb 84H10 in a patient with HT (original

magnification, X500).

FIG. 2. Follicular APAAP staining by the CD11a mAb 25.3.1 in a Hashimoto’s specimen. identical
results were obtained with the other CD11a mAb (8F2.7) {original magnification, X500).

on follicular structures and infiltrating mononu-
clear cells. Similar results were obtained when a
CD18 mAb (recognizing the invariant 3, chain
of leukocyte integrins) was used (not shown).
The specificity of LFA-1 follicular staining was
confirmed by the lack of staining with other
isotype-matched mAbs tested as controls, such
as anti-very late activation antigen-1 and anti~
natural killer cells—GL183 and EB6. That LFA-1
stained follicular structures was confirmed by
double immunofluorescence experiments, in
which thyroid follicular cells were stained by
using (simultaneously) a human serum with high
titers of anti-peroxidase antibodies, a specific
FITC-labeled antiserum, and the CD11a mAb,
followed by specific phycoerythrin-labeled anti-
serum. As shown in Fig. 4, double staining of

follicular portions (orange fluorescence) is ap-
parent. Similar results were obtained by double
immunoenzymatic staining by using CID11a and
anti-thyroglobulin mAbs simultaneously (not
shown)

Of note, CD11a (or CD18) positivity on follicu-
lar cells was observed only in subjects whose
follicular cells were also CD54-positive. Moreover,
staining of serial sections with CD11a and CD54
suggested that the same follicular structures were
stained by the two mAbs. To verify this possibility,
we performed double immunoenzymatic staining
experiments. As shown in Fig. 5, some follicular
structures were double-stained, as indicated by the
amaranth color (resulting from the fusion of dark
brown produced by diaminobenzidine-CD54 stain-
ing and red produced by fuchsin-LFA-1 staining).
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FIG. 3. Follicular CD11a (25.3.1) staining in HT (indirect immunofluorescence-phycoerythrin)

{original magnification, x500).

FIG. 4. Double immunofluorescence with anti-TPO-positive human serum and CD11a (8F2.7)
mAb in a section of HT tissue. Diffuse follicular green fluorescence caused by TPO is apparent;
some follicular portions are double-stained (orange fluorescence), that is, LFA-1-positive

(arrows).

DISCUSSION

There is increasing evidence that intercellular
adhesion mechanisms play a crucial role in several
immunologic responses, either related or unre-
lated to specific antigenic recognition.'> 131 No-
tably, the role of such mechanisms in immunologic
events related to acute or chronic inflammation

has been emphasized in regard to both leukocyte-
endothelium and leukocyte—epithelial cell interac-
tion. Among the pairs of ligands mediating inter-
cellular adhesion involved in inflammation, the
LFA-1/ICAM-1 system (CD11a/CD18-CD54) has
received special attention.

The heterodimer CD11a/CD18, or LFA-1, is a
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FIG. 5. Double staining of a follicular portion with CD11a (25.3.1) and CD54 staining (as
indicated by amaranth color) in HT (original magnification, <1000).

B,-integrin that is widely expressed on leukocytes,
and it appears to be involved in most immune
reactions requiring cell-to-cell adhesion.1% 12 13
LFA-l-mediated adhesion is strictly temperature-
dependent and requires divalent cations.>>?’
LFA-1 also participates in T-cell signalling in
synergy with CD3-TcR 2%:?° or CD2?': moreover,
CD3 triggering proved to enhance the ability of
LFA-1 to interact with its physiologic ligands
through induction of conformational changes.*

At least three physiologic ligands for LFA-1
exist: ICAM-1, ICAM-2, and ICAM-3.1%-31-32 They
pertain to the immunoglobulin supergene family:
the most extensively studied among them, ICAM-1
or CD54, is not only expressed on activated T cells,
B cells, and monocytes but also on epithelial cells
in inflammatory processes.*1? Its expression is
upregulated by proinflammatory cytokines.® Its
presence on thyroid epithelial cells has been dem-
onstrated in autoimmune thyroiditis by some
groups, including our own.*%° However, at least
three groups (including ours) failed to demon-
strate CD54 expression on follicular cells derived
from thyroids of patients with GD, despite remark-
able CD54 positivity on endothelium.% 8 3435

To our knowledge, as yet no data have been
published concerning the expression of CD11a or
CD18 molecules on epithelial cells, either on tissue
specimens or in primary cultures.

In this study we provide evidence, by means of
indirect immunofluorescence and single or double

immunostaining, that follicular thyroid ceils in HT
may bear on their surfaces the B, integrin LFA-1,
together with its ligand CD54. Note that the latter
is spontaneously expressed by nonautoimmune
thyrocytes or GD thyrocytes in culture, whereas
there is no evidence for LFA-1 expression in the
same condition. There was no evidence of follicu-
lar LFA-1 expression in histologic samples from
patients with GD or SG.

In a broad sense, such a phenomenon can be
presumed to be related to lymphocyte infiltration,
because infiltrates are more represented in HT
than in GD and absent in SG specimens. However,
it was not possible to establish a clear relationship
between infiltrate amount and follicular LFA-1
expression among HT specimens.

The mechanisms by which LFA-1 is expressed by
epithelial cells in HT are actually unknown. One
could hypothesize that synergic stimulation by
proinflammatory cytokines (as for ICAM-1 expres-
sion) is responsible for the phenomenon: as a
matter of fact, ICAM-1 and LFA-1 follicular ex-
pression closely correlate. However, in preliminary
experiments we attempted to elicit LFA-1 expres-
sion on nonautoimmune thyrocytes (three SG
specimens) by culturing them for up to 5 days in
the presence of interferon-y (500 U/ml), tumor
necrosis factor-a (50 U/ml), interleukin-18 (10
U/ml). None of these stimuli, alone or in combi-
nation, were effective (data not shown). Thus it is
possible that synergic stimulation by other cyto-
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kines or other molecular interactions is involved.
We are currently investigating this possibility.

Whatever the underlying mechanisms, the find-
ing that LFA-1 is present on HT thyrocytes is
relevant, in our opinion, for a number of reasons.
First, this is the first evidence to suggest that 8, (or
“leukocyte”) integrins are expressed on the epithe-
lial cell surface. Such evidence is based only on
immunohistologic findings. One might hypothesize
that the presence of LFA-1 on thyrocytes is due to
uptake of soluble LFA-1 shed by inflammatory
cells. We think that the direct demonstration of
CDl1la and CD18 mRNA in epithelial cells is
necessary to ultimately clarify this point. However,
preliminary evidence obtained in our laboratory
indicates that LFA-1 can be directly expressed by
epithelial cells. In fact, continuously cultured dif-
ferentiated epithelial cell lines can express LFA-1
under nonspecific activation stimuli, such as phor-
bol esters or y-interferon.*® Moreover, at variance
with other adhesion molecules expressed on leu-
kocytes of the immunoglobulin (e.g., ICAM-1,
vascular cell adhesion molecule-1) or selectin fam-
ilies, evidence for a soluble form of LFA-1, or
other integrins, has not been provided.>’ Second,
this finding further stresses the role of epithelial
cells as active participants in the immune reaction
in some forms of organ-specific autoimmunity and
possibly in other inflammatory immune reactions.
The LFA-1/CD54 system could mediate “bidirec-
tional” interactions between, for example, activated
T cells and follicular cells, both bearing the two
ligands. Finally, this finding underlines the possible
major pathogenetic role of adhesion-dependent di-
rect cytolytic effector mechanisms in HT.

We thank Dr. Rina Miriello for skillful help in manu-
script preparation and Dr. Daniel Olive (Marseille) and
Dr. Allessandro Moretta (Genoa) for providing mono-
clonal antibodies.
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