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Alopecia areata has been reported to be accompanied by
abnormal autoimmune dysfunction. We examined the
expression of cutaneous lymphocyte-associated antigen
(CLA), which is a skin-specific lymphocyte homing recep-
tor, in the peripheral blood lymphocytes and skin of
patients with alopecia areata. In the patients’ peripheral
blood, the percentage of CLA-positive CD4 + or CDS8 +
lymphocytes, was significantly higher than that of normal
controls. The patients with severe or progressive alopecia
areata showed a much higher CLA-positivity compared
to patients recovering from the disease. A chronological
study showed that the percentage of CLA-positive peri-
pheral blood lymphocytes, CD4 + or CD8+ lymphocytes
decreased in parallel with the patients’ good clinical
course. The CLA-positivity in peripheral blood lympho-
cytes, CD4+ or CD8+ lymphocytes of patients with
alopecia areata who did not respond to oral corticosteroid
therapy remained higher than in those who responded well
to the treatment. In the affected scalp skin, many infiltrat-
ing lymphocytes around the hair follicles, which were
CD4 + or CD8 + lymphocytes, expressed CLA. These
findings suggest that the CLA-positivity correlates with
clinical activity and that CLA-positive CD4+ or CD8 +
lymphocytes may play an important role in alopecia
areata. Key-words: alopecia areata;  lymphocyte-
associated antigen; lymphocytes.
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The cause of alopecia areata (AA) is not fully under-
stood, but indirect evidence suggests that an auto-
immune abnormality may be involved in the pathogen-
esis. For example, helper T cells or Langerhans’ cells
infiltrate surrounding hair follicles in patients with AA
(1, 2). While Ledesma & York (3) reported a highly
significant decrease in the suppressor T-cell population
of patients with AA, Imai et al. (4) reported that
the mean percentages of HLA-DR + CD3+ cells
and CD57-CD16+ cells among peripheral blood
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lymphocytes (PBL) in patients with AA were signific-
antly higher than those of normal controls. Baadsgaard
& Lindskov (5), however, reported that the median
percentage of circulating CD3, 4, 8 and 57 positive cells
among PBL was normal in patients with AA. In addi-
tion, recent reports have shown that autoimmune abnor-
malities exist in patients with AA (6, 7) and that there
is a more frequent incidence of hair-follicle-specific
antibody (6) and anti-nuclear antibodies (7) in the sera
of patients with AA than in those of normal controls.

Cutaneous lymphocyte-associated antigen (CLA),
recognized by the monoclonal antibody HECA-452, is
a putative skin homing receptor and one of the ligands
of E-selectin (8). Inflammatory lesions of the skin, such
as contact dermatitis, contain 85% CLA-positive T
lymphocytes, whereas in non-cutaneous inflammatory
lesions only 5% of Tcells are CLA-positive (9).
Recently, the up-regulation of CLA expression on
CD68-positive dendritic epidermal cells was observed in
various skin diseases (10). Furthermore, CLA expres-
sion on T lymphocytes can be up-regulated by IL-6,
IL-12 and TGFB1 in vitro (11). Thus, CLA expression
is probably involved in the function of immunological
disorders.

We examined CLA expression on both PBL and
affected scalp skin of patients with AA and compared
this with normal healthy controls in order to investigate
the immune abnormalities of AA.

MATERIALS AND METHODS

Patients

Fifty-eight patients with AA participated, including 36 (9
males and 27 females) with progressive or continuously severe
AA (including 17 cases of alopecia totalis and universalis) and
22 (5 males and 17 females) with recovering AA who had
visited the Department of Dermatology, Faculty of Medicine,
University of Tokyo. Patients’ ages ranged from 17 to 69 years
in severe AA (mean 34.9 years) and from 13 to 63 years in
recovering AA (mean 36.1 years). The age at onset of alopecia
ranged from 3 months to 60 years in severe AA and from 6
months to 10 years in recovering AA. None of the subjects
were clinically diagnosed as having connective tissue diseases,
thyroiditis, or allergic dermatitis. Twenty-five non-allergic
healthy volunteers (6 males and 19 females, mean 31.4 years)
were also examined as normal controls. The study was
approved by the Ethics Committee of Tokyo University
Hospital. The patients gave their informed consent.
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Methods

Collection of PBL. Peripheral blood mononuclear cells
(PBMC) of patients with AA and healthy volunteers were
isolated from citrate-anticoagulated whole blood by dextran
sedimentation and Ficoll-Paque centrifugation. PBL was
selectively collected from PBMC using the gating function of
FACS (sec below).

Staining and FACS analysis of PBL. The analysis of PBL
for the expression of cell surface markers was performed using
FACScan (Becton Dickinson & Co., Mountain View, Calif.)
and CellQuest software (Becton Dickinson & Co.). Two-
colour analysis was performed. Fresh PBMCs were washed
twice and resuspended at 106 cells/ml in phosphate-buffered
saline (PBS) with 1% fetal calf serum (FCS), and then
incubated on ice for 30 min with FITC-conjugated anti-human
CLA monoclonal antibody (mAb) (rat IgM; PharMingen, San
Diego, Calif.), Cy-chrome-conjugated anti-human CD4 or
Cy-chrome-conjugated anti-human CD8mADb (mouse 1gGl;
PharMingen, San Diego, Calif.). FITC-conjugated rat IgM
and Cy-chrome-conjugated mouse IgG (Pharmingen, San
Diego, Calif.) were used as isotype controls; negative results
were always obtained using these isotype controls. After
washing twice with PBS, the PBL samples were selected from
PBMC by gating with cell size, and the expressions of CLA,
CD4 and CDS8 were analysed among 4 x 10* PBL.

Biopsy of AA affected scalp skin. Actively affected scalp skin
samples were obtained from two patients with AA. Both patients
were diagnosed as having progressive alopecia universalis.
Normal skin was obtained at surgery of benign skin tumours.
Skin samples were immediately frozen and stored at —80°
until use.

Immunohistochemical staining. Six-micrometre-thick cryostat
sections were fixed in acetone for 20 min at —20° and washed
with PBS. The sections were blocked, then incubated first with
rat anti-human CLA mAb (HECA-452, rat IgM; PharMingen,
San Diego, Calif.), mouse anti-human CD4 (mouse [gG1) or
mouse anti-human CD8 (mouse IgG1) overnight at 4°, fol-
lowed by treatment with the Vectastain ABC kit (Vector
Laboratories, Burlingame, Calif.) in accordance with the man-
ufacturer’s recommendations. Rat IgM or mouse IgGl
(PharMingen, San Diego, Calif.) were used as negative con-
trols. The immunoreactivity of sections was visualized by
diaminobenzidine (Wako, Tokyo, Japan). The isotype-
matched control antibodies always showed negative staining.

Statistical analysis

P-values were calculated by an ANOVA with a post-hoc test
(among severe AA, recovering AA and normal controls) or
Welch’s t-test (between total AA and normal controls). The
data were shown as mean =SD (%). The accepted level of
significance was p <0.05.

RESULTS

CL A-positive percentage in PBL, CD4+ and CD8+
lymphocytes from peripheral blood of patients with AA

The numbers of PBL in patients with AA and normal
controls proved to be almost the same by peripheral
blood examination (data not shown). We analysed CLA-
positivity in 4 x 10 PBL per sample. As shown in Fig. 1,
FACS analysis showed higher CLA-positivity in patients
with AA (n=58) than in normal controls (n=25)
(5.6 £2.5% vs 3.3+1.2% for PBL). The mean + SD
values of CLA positivity among CD4+ or CD8+
lymphocytes in patients with AA and normal controls
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Fig. 1. Cutaneous lymphocyte-associated antigen (CLA) positivity in
peripheral blood lymphocytes (PBL) and CD4 + or CD8 + lympho-
cytes from patients with alopecia areata (AA; total group) and normal
controls. (*p <0.01 by Welch’s ¢-test).

were as follows: CD4+, AA: 8.2+3.8%, normal:
4.7 +1.5%; CD8+, AA: 3.5+2.1%, normal: 1.6 + 0.6%.
When the patients with AA were sub-grouped according
to the activity of the disease (Table I), CLA-positivity
in CD4+ and CD8+ lymphocytes in severe AA was
significantly higher than in normal controls or recovering
AA (p <0.01 for both). However, there was no signific-
ant difference of CLA-positivity in PBL, CD4+ or
CD8+ lymphocytes between recovering AA and normal
controls. We next chronologically examined CLA-posi-
tivity in PBL, CD4+ or CDS8 + lymphocytes of patients
with AA. We selected 8 patients with severe AA and
with a relatively high CLA-positivity in PBL. All
patients showed good hair re-growth by combination
therapies such as liquid nitrogen application, topical
corticosteroid, oral corticosteroid, topical calpronium
chloride, diphenylcyclopropenone administration within
10 months. The CLA-positivity in PBL,CD4 + and
CD8+ lymphocytes decreased in parallel with their
improved clinical response (data not shown).

Table 1. Percentage of CLA-positivity in subpopulations of
lymphocytes in patients with alopecia areata (AA) of different
severity and in healthy controls (mean £ SD).

PBL CD4 + CD8 +
Subjects (% positivity) (% posititity) (% positivity)
Severe AA (n=36) 6.4 +2.6* 9.4 £4.0* 4.1 £2.1*
Recov. AA (n=22) 42+18 62+25 24+£1.5
Controls (n=25) 33+12 47 %15 1.6 £0.6

CLA =cutaneous lymphocyte-associated antigen; PBL =peripheral
blood lymphocytes. *p <0.01 for difference compared to controls and
recovering AA.
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Change of CLA-positivity in PBL, CD4+ and CD8 +
lymphocytes in patients with AA during oral
corticosteroid therapy

Because oral corticosteroid therapy is usually effective
in AA (12-15), although some patients are resistant
to this therapy, we compared CLA-positivity in PBL,
CD4+ and CD8+ lymphocytes between steroid-
responsive (Group A; n=9) and resistant (Group B;
n =7) patients after oral corticosteroid treatment. CLA-
positivity in PBL, CD4+ and CD8+ lymphocytes was
4.0 +1.6%, 6.1 £2.6% and 2.0 +1.0% in Group A, and
7.6 £3.5%, 11.3 £5.7% and 5.0 £2.7% in Group B.
The CLA-positivity in Group A was not significantly
different from that in normal controls, but Group B
showed a significantly higher CLA positivity in PBL,
CD4+, CD8+ lymphocytes compared to normal
controls and Group A (p <0.01 for all).

Immunohistochemical stainings of the lesional skin of
patients with AA using anti-human CLA mAb

Immunohistochemical stainings of the lesional scalp skin
of patients with AA showed infiltration of mononuclear
cells around the hair follicles. Many of these cells were
CD4+ or CD8+ lymphocytes, and among them many
CLA-positive lymphocytes were detected (Fig. 2a—c).
There were only a few CLA-positive lymphocytes
around the hair follicles of normal controls (data not
shown).

DISCUSSION

There have been several studies (3—5, 21) investigating
the character of lymphocytes in AA. Only one report
(22) has shown that T lymphocytes of patients with AA
that had been cultured with hair follicle homogenate,
along with antigen-presenting cells of the patients, were
able to induce the typical changes in AA. The changes
included hairloss and perifollicular infiltrates of T
lymphocytes, which suggests that CLA-positive T
lymphocytes reacting with hair follicle antigens may
exist in the affected scalp skin or PBL of AA patients.
We therefore examined the percentage of CLA positivity
in circulating lymphocytes among different clinical stages
of AA.

We found that patients with severe AA showed a
significantly higher CLA-positivity in PBL, CD4 + and
CDS8 + lymphocytes compared with that of normal
controls. On the other hand, the recovering AA patients
did not show any significant differences of CLA positiv-
ity from normal controls. These and other results suggest
that CLA-positivity correlates closely with the clinical
severity of AA and that both CD4 and CDS are import-
ant in the pathogenesis of AA as CLA-positive cells.

It has been reported that oral corticosteroid therapy
is effective for AA, especially severe types (12-15),
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Fig. 2. Immunohistochemical staining of the affected scalp of an
alopecia areata patient. (a) CLA, (b) CD4, (c) CD8 (original
magnification, x400).



although the indication of the preventive use of systemic
steroids in AA is still a matter of discussion (23, 24).
We used oral prednisolone 10-30mg/day for some
patients with severe AA who were relatively young
adults and had no systemic disease. Our results showed
that CLA-positivity in PBL, CD4+ and CDS8+ lympho-
cytes decreased among the patients who responded well
to oral corticosteroid therapy, but remained high among
those who were resistant. Corticosteroids inhibit the
immunological function of lymphocytes as well as the
function of hair bulb cells, and it is speculated that these
drugs inhibit the function of infiltrating CLA-positive
lymphocytes or PBL in AA. As for the steroid-resistant
patients who showed a high CLA-positivity, some other
mechanisms, such as a dysfunction of steroid receptors
or the enhanced secretion of cytokines (IL-6, IL-12,
TGFp1) (11), may modulate CLA expression leading
to worsening of AA lesions.

We detected the infiltration of CLA-positive lympho-
cytes around the hair follicles of patients with AA by
immunohistochemistry. The lymphocytes around the
AA hair follicles were also CD4 or CDS positive. CD19-
or CD20-positive B lymphocytes were few (data not
shown). There was almost the same number of CLA +,
CD4+ or CD8+ cells around the hair follicle of the
AA patients. These results suggest that most of the
lymphocytes infiltrating around the hair follicles of AA
patients were CLA-positive T lymphocytes.
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