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Immunological mechanisms have long been suggested to medi-
ate hair loss in alopecia areata. In this process hair bulb melan-
ocytes and dermal papilla fibroblasts are believed to be primar-
ily involved. In the present study we further investigated the
role of humoral factors in alopecia areata. Three different ex-
periments were performed on normal human epidermal melan-
ocytes as well as normal human dermal fibroblasts: (i) in-
cubation with medium containing 2, 10, or 20% alopecia areata
serum (n =12 patients) for 16 h, (ii) incubation with medium
supplemented with preheated alopecia areata serum (1 h at
56°C) and healthy human fresh serum as a complement source
(1:1) and (iii) incubation with 2, 10 or 20% alopecia areata
serum but, in addition, containing peripheral blood mononucle-
ar cells from healthy subjects (effector/target ratio, 50:1). As
controls, normal human fibroblasts and normal human epider-
mal melanocyte cultures were also incubated with serum from
healthy individuals (n =5) under the same culture conditions.

The results showed that alopecia areata serum exerted a signif-
icant stimulation of proliferation of both normal human fibro-
blasts (p>0.05 at 2%, p>0.05 at 10%, p<0.05 at 20%), and
normal human epidermal melanocytes (p > 0.05 at 2%, p <0.05
at 10%, p>0.05 at 20%). Interestingly, however, alopecia ar-
eata serum induced a significant dose-dependent proliferation
inhibition of normal fibroblasts, when there were preheated
and supplemented with a complement source (p <0.05 at 2%,
p<0.05 at 10%, p<0.01 at 20%), and also when peripheral
blood mononuclear cells were added (p <0.05 at 2%, p <0.05 at
10%, p >0.05 at 20%). In both conditions, however, no signif-
icant influence was found after incubation of normal human
epidermal melanocytes with alopecia areata serum (p > (0.05).

Our data suggest that dermal fibroblasts may somehow be
involved in the pathogenesis of alopecia areata and that two
mechanisms could possibly contribute to their inhibition and
damage: (1) a complement-mediated and (2) an antibodyde-
pendent cellular cytotoxicity. The role of hair bulb melanocytes
remains to be further delineated. Key words: epidermal melan-
ocytes; humoral factors; pathogenesis.
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Alopecia areata (Aa) is a common disease of the hair follicle,
affecting about 2% of new patients attending dermatology clin-
ics (1). Although several hypotheses have been proposed, the
exact pathogenesis of the hair loss is not clear. The common
association of Aa with autoimmune thyroiditis (2), pernicious
anemia (3), Addison’s disease, vitiligo (4), discoid and systemic
lupus erythematosus (5) and autoimmune atrophic gastritis (6)
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indicates that hair loss might also be mediated by autoimmune
mechanisms. In further support of this concept are the frequently
reported peripheral T-cell dysregulation (7, 8), the increased
frequency of circulating organ-specific autoantibodies (9) and
the presence of peribulbar T-lymphocytic infiltrate (10, 11). In
addition, the immunosuppressive and/or immunomodulatory ef-
fects of most treatment modalities inducing hair regrowth, such
as PUVA (12), intralesional and topical steroids (13), topical
cytotoxic drugs (14) and contact allergens (15) are in favour of
this concept. Nevertheless, no specific antibody to any part of
the hair apparatus has consistently been demonstrated, and the
exact cell target in the affected hair follicle is not known (1).

In this report, evidence for cytolytic antibodies in Aa patients
is put forward. Furthermore, our results show that dermal fibro-
blasts undergo inhibition or damage by a complement-mediated
and an antibody-dependent cellular cytotoxicity mechanism
(ADCC) in vitro. We believe that these findings provide a
preliminary clue supporting the immune-mediated pathogenesis
of hair loss in Aa.

MATERIAL AND METHODS

Twelve patients with active Aa lesions were included in the present
study (3 males and 9 females, mean age 26.5 years). The clinical data of
the patients are summarized in Table I. Peripheral venous blood (20 ml)
was withdrawn from each patient under sterile conditions and sera were
separated and stored immediately until use at —70°C. Sera obtained
from 3 healthy hospital employees (2 males, 3 females, mean age 29
vears) served as control group.

Melanocyte culture

Normal human epidermal melanocytes (NHMel) were cultivated from
two different donors by modification of the method by Gilchrest et al.
(16). Epidermal cells were grown in tissue culture flasks (Falcon 75
cm’, Becton & Dickinson, Heidelberg, Germany) in 5% CO,, at 37°C in
4 humidified atmosphere. The medium used was modified MCDB 153
(Seromed, Heidelberg, Germany) with added amino acids and supple-
mented with the following substances: 2 mM Ca*™, 10 pg/ml transfer-
rin, 5 pg/ml insulin (Sigma, Deisenhofen, Germany), 0.4% whole
bovine pituitary extract (Clonetics Inc., San Diego. CA, USA). 2 ng/ml
bovine basic fibroblast growth factor (bFGF) (Boehringer Mannheim,
Germany). 10~ M cholera toxin (Calbiochem). 5 x 1077 M hydrocorti-
sone (Serva, Heidelberg, Germany) and 100 TU/ml penicillin. 100
pg/ml streptomycin (both Seromed). Ten per cent fetal calf serum was
added within the first 2 days of the primary culture and the first 24 h of
each subculture. Pure melanocyte cultures were obtained. as could be
seen by positive staining with the melanocyte markers S 100- (Dako-
patts, Hamburg, Germany) and K 1.2.58- (Cell Diagnostika GmbH.
Miinster, Germany) monoclonal antibodies (MoAbs) using the APAAP
(alkaline-phosphatase anti-alkaline-phosphatase) method.

Fibroblast cultures

Normal human dermal fibroblasts (NHFib) were obtained from the
dermis trimmed at processing the same foreskin used for melanocyte
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Table 1. Clinical characteristics of patients (n = 12) and controls
(n=5)

All patients were in an acute phase of alopecia areata (Aa) and without
any treatment

N® of pat./sex Age Aa type Initial start of
(years) disease
Aa-group
I/F 14 Aa patchy 8 years
2/M 44 Aa patchy 15 years
3/F 22 Ad universalis § months
4/M 25 Aa ophiasis type 9 months
5/F 16 Aa patchy 14 months
6/F 12 Aa subtotalis 12 months
MF 21 Aa patchy 12 months
8/M 28 Aa universalis 10 years
9/F 26 Aa patchy 9 years
10/F 36 Aa patchy 15 months
11/F 41 Aa subtotalis 13 years
12/F 34 Aa totalis & years

culture by the explant method. Dermal tissues were incubated in fibro-
blast growth medium consisting of Dulbecco’s modified Eagle’s me-
dium (D-MEM) supplemented with 10% fetal calf serum, 1.7 mM
L-glutamine, 100 IU/ml penicillin and 100 pg/ml streptomycin (all
Seromed). Pure fibroblast culture was obtained as evident from negative
labelling with § 100 and K 1.2.58 MoAbs, and positive labelling with
vimentin. Second passage NHFib were maintained in melanocyte
growth medium for at least one week prior to incubation with Aa sera.

Proliferation and cytotoxicity assays

The proliferation and cytotoxicity assays were performed in tissue
culture cluster plates (96 flat-bottomed wells) (Becton & Dickinson,
Heidelberg, Germany) by incubating 4 x 10° cells/well in 0.2 ml of
media. Second passage NHMel and NHFib were used in this experi-
ment; they were incubated with 2%, 10%, and 20% fetal calf serum for
48 h prior to incubation with sera of Aa patients and controls. The
NHMel and NHFib were divided into 3 groups. The first group was
incubated with Aa sera at 2%, 10% and 20% concentrations. The second
group was incubated with sera preheated at 56°C for one hour to
inactivate the intrinsic complement followed by supplementation with a
pool of fresh sera (1:1 ratio) from normal individuals as a complement
source, at the concentrations mentioned above. The third group was
incubated with sera from Aa patients at the concentrations menticned
earlier together with peripheral blood mononuclear cells (PBMC) ob-
tained from two different healthy donors. The ratio of NHFib and
NHMel to PBMC (T/E) was 1:50. Each target cell group was taken in
duplicate: one group was incubated with Aa sera and the second with
control sera, Proliferation and cytotoxicity assays were performed after
16 h of incubation by a fluorometric microassay using 4-methylumbz1li-
feryl heptanoate (4-MUH) (Sigma). Fluorescence values were measured
by a Titertec Fluoroskan II (Flow Lab., Meckenheim, Germany) as
previously described (17, 18).

Evaluation and statistical analysis

Statistical differences of the data were evaluated by the two-sided
Student’s t-test. The fluorescence units obtained reflect the number of
living cells and correlate well with 3H-thymidine uptake. The percant-
age of cytotoxicity was calculated from the formula:

(C-D) - (E-C1)

% cytotoxicity = 100 x C

where C represents the fluorescence values of the control cultures that
received no effectors; Cl is the fluorescence of the effectors remaining
in control wells after 3 washes with phosphate-buffered saline; D is the
fluorescence of the attached targets in the C cultures after three washes;
and E is the fluorescence values of the samples that received PBMC.
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Fig. 1. Stimulatory effects of sera from alopecia areata patients on
normal human dermal fibroblasts. © Normal sera, @ Alopecia areata.

RESULTS

Proliferation and cytotoxicity assays
Two different NHMel and NHFib cultures maintained in melan-
ocyte growth medium and prestimulated with fetal calf serum at
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Fig. 2. Stimulation of normal human melanocyte proliferation after
incubation with alopecia areata sera. O Normal sera, @ Alopecia areata.
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Fig. 3. Dose-dependent inhibitory effects on normal human dermal
fibroblasts after incubation with preheated Aa serum combined with a
complement source. O Normal sera, @ Alopecia areata.

the same concentrations as the test sera, i.e. at 2%, 10% and
20%, were examined for their susceptibility to inhibition or
killing by Aa sera, decomplemented Aa sera plus a complement
source and Aa sera together with PBMC. Sera of Aa patients
alone induced a mild but significant stimulation of proliferation
of NHFib, particularly at high serum concentrations (p>0.05 at
2%, p>0.05 at 10%, p<0.05 at 20%) (Fig. 1). Similarly,
NHMel proliferation was stimulated with Aa sera (p>0.05 at
2%, p<0.05 at 10%, p>0.05 at 20%) (Fig. 2).

On the other hand, decomplemented Aa sera that were supple-
mented with complement resulted in a significant dose-depend-
ent proliferation inhibition of NHFib (p <0.05 at 2%, p <0.05 at
10%, p<0.01 at 20%) (Fig. 3), whereas the same sera induced
either no effect or a mild significant stimulation of NHMel
proliferation (p<0.05 at 2%, p> 0.05 at 10%, p>0.05 at 20%
serum concentration) (data not shown). Although equal numbers
of target cells were used at time 0 of the assay, higher fluo-
rescence units were measured after 16 h in wells containing
decomplemented sera plus complement, in comparison with
wells incubated with target cells and sera alone.

Sera of Aa patients together with normal PBMC resulted in a
mild significant decrease in the number of living NHFib, partic-
ularly at high serum concentrations (p <0.05 at 2%. p<0.05 at
10%, p>0.05 at 20%). The estimated percentage of cell lysis
was 11.8% at 2%, 14.7% at 10% and 19.7% at 20% (Fig. 4). No
significant inhibition of proliferation or increased cellular cyto-
toxicity was measured with NHMel at any of the added serum
concentrations (p>0.05 at 2%, p>0.05 at 10%, p >0.05 at 20%)
(data not shown).

In general, fluorescence units of NHFib wells were higher
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than those of NHMel after 16 h of incubation in all the experi-
ments carried out in this study, although equal numbers of target
cells were initially given to each well.

DISCUSSION

The possible role of circulating antibodies in inducing hair loss
in Aa has been suspected for many years, but results of experi-
mental work in this field are inconsistent. Bystryn et al. (19) and
Safai et al. (20) have demonstrated deposition of Complement;
and occasionally IgG and IgM in affected hair follicles of
patients with Aa. In another study, however, there was no
significant difference in the frequency of immune complex dep-
osition between normal and affected scalp of Aa patients (21).
Other studies have failed to show any immunoglobulin or com-
plement deposition in Aa (22). Animal studies were also in-
conclusive. Complete hair regrowth in grafts obtained from
lesions of Aa and transplanted onto nude mice has been ob-
served, suggesting that humoral factors might be responsible for
the hair loss (23). However, injection of human Aa sera has
failed to inhibit hair growth in transplants of human scalp skin
grafted onto nude mice (24). Differences in disease activity,
different methods of evaluation and differences in the effective-
ness of complement system between mice and humans provide
some explanations for these apparent controversies.

The significance of inhibition and damage of NHFib in our
study is not known. This reaction, however, seems to be selec-
tive, as NHMel are not significantly affected and also specific as
vitiligo sera exerted similar reactions on NHMel, as already
reported in separate studies carried out by us and others (25, 26).
Dermal papillae, mainly composed of a specialized subpop-
ulation of fibroblasts, are critical for the development of hair
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Fig. 4. Inhibitory effects on normal human dermal fibroblasts after
incubation with Aa sera together with PBMC from healthy individuals,

O Normal sera, @ Alopecia areata.
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(27). It can be postulated that anti-dermal papilla fibroblast
antibodies in Aa sera cross-react with NHFib that have bzen
cultivated in vitro. In support of this assumption are the nail
changes commonly observed in association with Aa, largely
regarded as due to involvement of nail matrix cells (28, 29).

At present the significance of the stimulatory effect of Aa sera
on NHFib and NHMel is not known, but a similar effect has also
been observed, albeit with NHMel, with sera of vitiligo patients
(26). The high fluorescence values measured with prehezted
sera may be due to the effect of heat or the addition of fresh
serum as a complement source. The higher fluorescence values
obtained from all wells containing NHFib in comparison with
NHMel are most probably due to the higher proliferative capac-
ity of fibroblasts versus melanocytes, particularly in the pres-
ence of a serum-containing medium (16). Fluorescence values
obtained in an ADCC reaction cannot be compared with those of
sera alone or sera plus complement, since wells in this reaction
contained two types of cells, namely PBMC and target cells
rather than target cells alone.

Bulbar melanocytes have frequently been suggested to play a
role in the pathogenesis of Aa. Aa often spares depigmented
hairs; regrowing hairs are initially depigmented, and retinal and
epidermal melanocytes may also be involved in the disease
process (1). Our results did not show any evidence of significant
NHMel inhibition or killing by Aa sera, although cells were
intentionally maximally stimulated with several mitogens and
fetal calf serum to detect any minor inhibitory effects. Never-
theless, the role of bulbar melanocytes in Aa cannot be ruled
out. Our experiments have been carried out using epidermal
melanocytes which might be antigenically different from those
of hair bulbs. Indeed, further investigations have to be carried
out to elucidate the role of bulbar melanocytes and dermal
papilla cells as target cells in Aa.

Although these results seemingly provide clear evidence for
autoimmune mechanisms in Aa, the question whether circulat-
ing antibodies are the effect or the initial cause of hair follicle
injury is still not resolved. Nonetheless, the reported aberrations
of peripheral T-cell subpopulations, the demonstration of signif-
icant T-cell infiltrate around the hair follicle and the presencez of
circulating antibodies suggest that hair loss in Aa might be, at
least in part, immunologically mediated.
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