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Granuloma annulare is a common granulomatous
in®ltration of the skin of unknown etiopathogenesis.
We analyzed granuloma annulare biopsies in 11
patients and could ®nd in all patients signi®cant
numbers of CD4-T cells. These cells showed a broad
usage of the different T cell receptor Vb families and
a rather unbiased repertoire when the complemen-
tary determining region 3 spectra were analyzed by
the Immunoscope technique. Comparison with the
peripheral blood mononuclear cell repertoire, how-
ever, identi®ed in all patients few skin-speci®c
expansions, which were for one patient also present
in two distinct skin sites. Extensive sequence analysis
of the complementary determining region 3 region
con®rmed the presence of a limited number of skin-

speci®c expansions together with various nonspeci®c
T cell in®ltrations. Analysis of the intralesional cyto-
kine expression revealed abundant production of
interleukin-2, which was not dominant in granulo-
mas from leprosy patients and was not re¯ected by
the cytokine pro®le in peripheral blood mononuclear
cells. These results demonstrate the capacity of the
granulomatous response to recruit T cells in high
numbers with only few clones expanding speci®cally.
The high local production of interleukin-2 might
thereby play an important role in the nonspeci®c
attraction of T cells to the granulomatous site. Key
words: clonal expansions/cytokines/recruitment/skin/T cell
receptors. J Invest Dermatol 118:957±966, 2002

T
he formation of granulomas represents a particular
immune defense mechanism, which is mounted to
prevent the spreading of invading microorganisms to
other body compartments and which has been
exhaustively studied in the case of mycobacterial

infections. Granulomas, however, are also found in idiopathic
diseases such as sarcoidosis or Crohn¢s disease. The composition of
the invading cells is variable but in almost all cases granuloma
formation depends on the concomitant recruitment of antigen
presenting cells, namely macrophages and dendritic cells, and
lymphocytes with a dominance of T cells and in some cases natural
killer cells.

Granuloma annulare (GA) is a granulomatous skin disease of
unknown origin, which shows typical clinical and histologic
features. Clinically, two forms have been characterized, localized
GA and disseminated GA. The etiopathogenesis of GA has
remained obscure. Some studies suggested an association with
diabetes (Muhlbauer, 1980) and more recently with infectious
agents (Aberer et al, 1999). The disseminated form of the disease

seems to show increased prevalence among HIV patients (Toro et
al, 1999; O'Moore et al, 2000).

The granulomatous in®ltrate in GA is histologically characterized
by the palisading in®ltration of mononuclear cells around degraded
collagen ®bers and mucin in®ltrates. The composition of the
mononuclear in®ltrate is variable, but T lymphocytes have been
identi®ed in signi®cant numbers (Muhlbauer, 1980). The latter
mostly include CD4+ cells and a few CD8+ cells (Buechner et al,
1983; Modlin et al, 1984a; 1984b), which show signs of activation
(Fayyazi et al, 2000).

The role of the in®ltrating T cells in the induction and
perpetuation of GA has not been elucidated in detail. The clinical
®nding that T-cell-directed immunosuppressive approaches such as
intralesional corticosteroid administration (Sparrow and Abell,
1975) or highly ef®cient ultraviolet A irradiation (Muchenberger
et al, 1997; Schmutz, 2000) often rapidly resolve the granulomatous
lesions may suggest a causative association.

Little if anything, however, is known about the nature of the
stimulus driving T cell in®ltration and expansion in GA.

In cases of infectious granulomas, antigen-speci®c T cells can be
identi®ed and expanded using their capacity to proliferate when
stimulated by the respective pathogen-associated antigen(s). This
technique, however, is not applicable when studying granulomas of
unknown origin as in GA. We therefore chose a different approach
to identify the nature of GA-in®ltrating lymphocytes using
immunohistochemistry, confocal microscopy, reverse transcription
polymerase chain reaction (RT-PCR) and the Immunoscope
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technique, combined with extensive sequencing analysis. The
results clearly imply that patients with GA recruit a variety of T cell
receptor b (TCR-b) families without obvious restriction into their
granulomatous lesions. In every patient, however, we could ®nd
skin-speci®c rearrangements on expansion, which were not
detected in peripheral blood mononuclear cells (PBMC). In one
patient identical expansions were found in two different granulo-
matous lesions suggesting antigen-driven T cell populations as a
possible mechanism of T cell in®ltration in GA. We also observed a
high expression of interleukin-2 (IL-2) within the lesions, which
might explain why a large nonspeci®c T cell population is recruited
in parallel.

MATERIALS AND METHODS

Patients Eleven (10 female, one male; age range 23±67 y) patients
presenting at the Department of Dermatology, Technical University
Munich, were included in the study. All patients with the exception of
patient GA9 presented with the disseminated form of GA. For two
patients (GA2 and GA3) we obtained two biopsies at different body sites.
For both patients the second biopsy (GA2b and GA3b) was taken 2 wk
after cessation of an unsuccessful high-dose ultraviolet A treatment at a
localization distinct from the ®rst biopsy. The diagnosis of GA was made
following clinical and histologic criteria. After informed consent had
been obtained, 4 mm punch biopsies were obtained from lesional sites
after local anesthesia and specimens were split for immunohistochemical
and molecular biology analysis. The biopsies were snap-frozen and stored

in liquid nitrogen until further preparation. On the same day PBMC
were obtained by purifying blood samples using a Ficoll gradient
(Pharmacia, Freiburg, Germany). cDNAs from leprosy patients analyzed
in a previous study (Mempel et al, 2000) were included for comparison
of lesional cytokine transcription.

Immunohistochemistry Frozen sections were analyzed for the
expression of CD3, CD4, CD8, and panTCR-ab, using commercially
available monoclonal antibodies (Dako, Hamburg, Germany) following
the APAAP technique with phenol red as indicator agent.

The percentage of positive cells was calculated by determining the
number of stained cells among the total number of cells within the
granulomas (e.g., hematoxylin-stained nuclei).

Double immuno¯uorescent staining using confocal laser
microscopy Double immunostaining was carried out to determine the
phenotype of the predominant T cell population carrying the TCR-Vb
chain of interest, which was found on expansion in the Immunoscope
technique. Cryostat sections were incubated with the appropriate anti-
TCR-Vb monoclonal antibodies (Immunotech, Marseille, France)
followed by goat cyanine-3-conjugated antimouse IgG staining (Sigma,
St. Quentin Fallavier, France). In a second step, sections were stained
with ¯uorescein-labeled anti-CD4 and anti-CD8 (Dako, Trappes,
France) and were analyzed using a confocal laser microscope (MRC
1000 laser confocal system, Bio-rad, Ivry sur Seine, France).

RNA extraction and cDNA preparation Specimens were disrupted
in Trizol (Gibco, Cergy Pontoise, France), using a Polytron
homogenizer (skin biopsies) or by repeated pipetting (PBMC). RNA
extraction and cDNA preparation were carried out following standard

Figure 1. Distribution pattern of the various TCR-Vb families within the different GA biopsies and the corresponding PBMC of the
patients. Gausian- or comb-like shaped pro®les represent polyclonal expansions (scattered box) whereas single-peak shaped expansions are found in cases
of oligoclonal or monoclonal T cell populations (black box). If no PCR product was detected for the respective Vb families, an open box is given. We
could not ®nd restrictions or predominant biases in the usage of Vb chains within the cutaneous granulomas with the exception of Vb23, which
showed peak-shaped expansions in several patients.
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protocols using AMV Reverse Transcriptase from Roche (Meylan,
France) and random dT primers.

TCR-b chain analysis The Immunoscope technique to analyze
approaching complementary determining region 3 (CDR3) length and
distribution has been described elsewhere (Pannetier et al, 1995). Brie¯y,
standardized amounts of cDNA (i.e., the product of the reverse
transcription of 10 mg of total RNA) were PCR ampli®ed using each of
the 24 Vb-speci®c probes and a common Cb-speci®c probe. Each Vb±
Cb PCR product was analyzed by electrophoresis in an agarose gel. For
CDR3 length diversity and Jb usage, PCR ampli®ed products were
submitted to ®ve cycles of primer extension using an internal,
¯uorescent, Cb-speci®c probe or one of the Jb-speci®c primers. The
labeled material was loaded on a sequencing gel and analyzed using an
automatic sequencer (Applied Biosystems) equipped with a computer
program (Immunoscope, Applied Biosystems) that enables the
determination of the intensity of ¯uorescence of each band as well as its
actual size. The results are depicted as peaks whose areas are proportional
to the amount of material and whose location is dictated by the length
of the CDR3 region. The size distribution of the Vb±Cb is Gaussian in
the case of nonactivated or polyclonally activated lymphocytes, whereas
proliferating T cells generate a nonGaussian distribution with ampli®ed

peaks corresponding to clones using a de®nite CDR3 length within a
Vb±Cb or a Vb±Jb combination. The lower limit of detection for this
technique has been shown to be one speci®c cell in 10,000 (Lim et al,
1996). The primers used have been designed to have similar af®nities for
the different Vb chains (Genevee et al, 1992).

Primers and PCR conditions for detection of the natural killer T
cell (NKT) associated invariant Va chain For detection of Va24-
invariant NKT we used a Va24±Ca PCR (Genevee et al, 1992)
followed by a run-off with the NKT-speci®c clonotypic Ja18 primer
(5¢-GCCTCCCCAGGGTTGAGCCTCTG-3¢). For the primary PCR
cDNA was ampli®ed using 40 cycles (30 min 94°C, 30 min 60°C, 30
min 72°C) followed by ®ve cycles (30 min 94°C, 30 min 60°C, 30 min
72°C) with the ¯uorescent run-off primer.

Cloning and sequencing of PCR products For cloning purposes
cDNA products were ampli®ed with the appropriate Vb±Jb primers
using Pfu-Polymerase. PCR products were then ligated into a
commercially available vector (Zero blunt, Invitrogen, Groningen, The
Netherlands) and transformed into Escherichia coli (Invitrogen).

Ampli®cations were carried out using the M13 primer and standard
protocols (Perkin Elmer) and analyzed using the ABI-Prism 373 software
(Applied Biosystems).

Figure 2. The typical situation of peak-shaped expansions found in the GA lesions of our patients as evidenced in the two patients GA2
and GA3 in which we could obtain biopsies from two different granulomatous sites. At the bottom of the graph the obtained Vb±Jb
sequence is given with the CDR3 region underlined. When looking for monoclonal or oligoclonal expansions representing distortions of the
Immunoscope pro®les we found peaks that were present in both biopsies and the blood. These peaks exclusively used an identical CDR3 sequence in
all three samples and can thus not be considered as skin speci®c (an example is given for the Vb23±Jb2.3 rearrangement of 6 aa in A). For other
rearrangements we found dominant peaks in the two skin lesions with a more polyclonally shaped CDR3 distribution pattern in the blood. Upon
sequence analysis, however, we found a dominant sequence for the corresponding CDR3 size in the blood sample, which was found identical in the
skin lesions. Again, these expansions were considered as systemically activated and not to re¯ect skin-speci®c processes (an example is given for the
Vb23±Jb1.1 rearrangement in B). Skin-speci®c rearrangements were identi®ed by their peak-like patterns in the Immunoscope together with a unique
sequence, which was not on expansion in the PBMC. In patient GA3 the two dominant expansions for the Vb7±Jb1.4 rearrangement in lesion A and
lesion B differed in their exact CDR3 sequence and thus represent two different but similar expansions using the same rearrangement (C), whereas for
the Vb9±Jb2.6 rearrangement of 10 aa in patient GA2 we found the identical clone on expansion in the two skin lesions, which was not detectable in
the blood (D).
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Quantitative analysis of cytokine production For quanti®cation of
cytokine transcripts we used the CYBR green technique for quantitative
RT-PCR analysis (Perkin Elmer). The following primer pairs were
taken from Kammula et al (1999) or designed using the appropriate
Perkin Elmer software to span at least one intron. All primer pairs have
been validated for their applicability in the CYBR green technique using
standard dilutions of cDNA derived from lipopolysaccharide-stimulated
PBMC: glyceraldehyde-3-phosphate dehydrogenase (GAPDH), 5¢-TGA-
AGGTCGGAGTCAACGG-3¢ (sense), 5¢-AGAGTTAAAAGCAGCCC-
TGGTG-3¢ (antisense); IL-2, 5¢-ACCAGGATGCTCACATTTAAGT-
TTT-3¢ (sense), 5¢-GAGGTTTGAGTTCTTCTTCTAGACACTG-3¢
(antisense); IL-4, 5¢-AACAGCCTCACAGAGCAGAAGACT-3¢ (sense),
5¢-GCCCTGCAGAAGGTTTCCTT-3¢ (antisense); IL-5, 5¢-TGTTC-
CTGTACATAAAAATCACCAACT-3¢ (sense), 5¢-TCCACAGTACC-
CCCTTGCAC-3¢ (antisense); interferon-g (IFN-g), 5¢-AGCTCTGCA-
TCGTTTTGGGTT-3¢ (sense), 5¢-GTTCCATTATCCGCTACATCT-
GAA-3¢ (antisense); tumor necrosis factor a (TNF-a), 5¢-TTCCCC-

AGGGACCTCTCTCTAATC-3¢ (sense), 5¢-GCTTGAGGGTTTGCT-
ACAACATG-3¢ (antisense).

The results are expressed as the ratio of the amount of speci®c cDNA
for the cytokine of interest compared to the amount of GAPDH-speci®c
cDNA. The values were obtained using the formula 2±DCT in which
DCT represents the difference in cycles used by the two PCRs to reach
a threshold within the exponential phase of the PCR.

RESULTS

Immunohistochemistry The skin biopsies of all 11 patients
included in the study were evaluated for typical histopathologic
®ndings of GA (by standard hematoxylin and eosin staining) and for
the nature of the in®ltrating lymphocytes by immunostaining with
anti-CD3, anti-CD4, anti-CD8, and anti-TCR-ab. Hematoxylin
and eosin staining revealed signi®cant numbers of mononuclear
cells within the cutaneous granulomas, and immunohistochemistry

Figure 3. The TCR-Vb families found on expansion in skin lesions by the Immunoscope technique (Table I) were analyzed for their
expression of coreceptors with the confocal microscopy technique. Therefore the respective TCR-Vb chains were stained using speci®c
monoclonal antibodies together with anti-CD4 and anti-CD8. The ®gure gives the staining pattern for the skin lesion of patient GA6 with anti-CD4
(green labeling, A) and anti-Vb21 (red labeling, B). The staining shows overlapping for Vb21 and CD4 when overlying the pictures. This preferred
association of the TCR-Vb of interest with CD4 was found in all analyzed patients. Due to limitations in biopsy material only eight patients were
analyzed using this technique.
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showed a predominance of CD4+, TCR-ab lymphocytes in the
lesions. These results con®rmed previous ®ndings (Modlin et al,
1984a; 1984b) that demonstrated a T lymphocyte in®ltrate in GA,
mainly of the CD4 phenotype.

GA lesions show a diverse TCR-b repertoire with clonal
expansions Next we analyzed the usage of the different TCR-b
chains within the granulomatous lesions and the PBMC of the
patients by RT-PCR and the Immunoscope technique. Most of
the patients showed a rather diverse usage of the various b-chains
together with some peak-shaped expansions in the Immunoscope
analysis, which are indicative of clonal expansions within the
lesions. Analysis of the PBMC from all GA patients showed
transcription of all Vb families with occasional peaks, also most
probably due to clonal expansions within the peripheral T cell
population. Figure 1 gives the TCR-Vb chain usage within the
GA patients.

To further de®ne the nature of the T cells showing peak-like
expansion in the Immunoscope analysis, we chose various
rearrangements and determined the usage of Jb segments associated
with these peaks. Most of these expansions were associated with
one speci®c Vb±Jb rearrangement of a single CDR3 size, which
was used for further analysis.

We then compared the TCR rearrangement in the skin to the
respective equivalent within the patients' PBMC. This analysis
aimed to identify expansions seen in the lesions and not in the
PBMC.

For all patients we could ®nd several rearrangements within their
skin lesions that were highly suggestive of a clonal expansion in the
CDR3 spectra typing analysis and that showed a Gaussian-like
polyclonal distribution pattern within their PBMC. These
rearrangements were chosen as candidates for skin-speci®c expan-
sions. For several rearrangements that showed peak-like distribu-
tions in the skin, however, we could identify the identical peak
corresponding to the same CDR3 size within the PBMCs. These
expansions were considered as re¯ecting a systemic expansion
in®ltrating the skin by a nonspeci®c mechanism. Figure 2 gives an
example for patients GA2 and GA3 from whom we obtained two
different biopsies.

Interestingly, many of the GA patients included in our study
showed peak-like expansions for the Vb23 chain in the skin. Upon
analysis of the associated Jb chain and the corresponding CDR3
size, however, we could not identify identical expansions common
to several patients. Thus, we identi®ed a dominant 9 aa peak within
the Vb23±Jb1.2 rearrangement of patient GA1, a dominant 9 aa
peak within the Vb23±Jb2.3 rearrangement in patient GA2 (lesions
A and B), an expanded peak of 8 aa within the Vb23±Jb1.1 and of 6
aa within the Vb23±Jb2.3 rearrangement in patient GA3 (lesions A
and B), two dominant peaks of 5 aa and 10 aa in the Vb23±Jb2.5
rearrangement of patient GA4, an expanded peak of 10 aa in the
Vb23±Jb2.7 rearrangement of patient GA8, and two 7 aa and 10 aa

peaks within the Vb23±Jb2.5 rearrangement of patient GA11.
Further sequence analysis of the corresponding CDR3 region,
however, showed no similarities shared by the Vb23-positive
rearrangements.

Double labeling of GA-associated lymphocytes In order to
evaluate the nature of the in®ltrating T lymphocytes we
investigated the phenotype of the dominant Vb-expressing T
cells identi®ed in the Immunoscope technique. Therefore we
performed double staining with the respective TCR-Vb antibodies
and anti-CD4/anti-CD8 antibodies and analyzed the results by
confocal microscopy. This technique revealed in all investigated
patients signi®cant numbers of cells scoring positive for the Vb
family detected in the Immunoscope technique. When overlying
the pattern of Vb staining with the pattern for CD4/CD8 staining
we found a good correlation with anti-CD4 staining indicative of a
CD4 phenotype of the respective Vb-expressing T lymphocytes
within the lesions. Figure 3 gives an example for staining with
anti-Vb21 and anti-CD4 in the lesion of patient GA6.

Sequence analysis shows skin-speci®c T cell populations in
GA with no similarities between patients We could thus
identify in all GA patients at least one expanded Vb±Jb
rearrangement in skin samples but not in the blood of the
patients by Immunoscope analysis. To screen for possible common
features within the hypervariable region of the TCR-b chain we
determined the exact sequence of the CDR3 region of the
expanded T cell populations by sequencing the corresponding
rearrangements. For this purpose the respective rearrangements
showing peak-shaped expansions were cloned into E. coli and at
least 50 randomly selected colonies were sequenced. We obtained
in all patients dominant (i.e., repeatedly identi®ed) sequences
corresponding to the peaks of the suspected size after CDR spectra
typing by Immunoscope. These dominant sequences were
considered to re¯ect clonal expansions within the skin.

When comparing the obtained sequences suggestive for clonal
expansions in the 11 GA patients, however, we found no common
features or similarities between different patients. Table I shows
the identi®ed sequences in the investigated patients. For some of
the patients (GA5, GA6) the same dominant amino acid sequence
on expansion in the skin lesion was encoded by different nucleotide
sequences arguing for an antigenic selection process.

The existence of skin-speci®c expansion of T cell clones was
further con®rmed by observations made with patients GA2 and
GA3. In patient GA2 we identi®ed the same expanded rearrange-
ment (Vb9±Jb2.6, 10 aa) in both granulomatous lesions, but not in
PBMC, indicative for a selection process speci®c for the two skin
sites. In patient GA3, however, the situation was more compli-
cated. We detected several expansions common to both that were
also expanded in the blood (Vb23±Jb1.1, 6 aa; Vb23±Jb2.3, 6 aa).
One dominant rearrangement was found in both lesions (Vb7±

Table I. Skin speci®c rearrangements and CDR3 sequences found in GA patients

Patient/lesion Vb chain Vb CDR3 Jb Jb segment Frequency/skin Frequency/PBMC

GA1 VB 1 CAS SVSSALDGY TFG JB 1.2 43/72 0/45
GA2a/GA2b VB 9 CAS SRRTSGSQETQ YFG JB 2.5 8/29 0/45
GA3a VB 7 CAS SQAGAEKL FFG JB 1.4 24/37 0/48
GA3b VB 7 CAS SLREEEKL FFG JB 1.4 12/37 0/48
GA4 VB 23 CAS SSWANPQETQ YFG JB 2.5 26/58 0/21
GA5 VB 16 CAS SQEATDT YFG JB 2.3 20/25a 0/22
GA6 VB 21 CAS SFARTSGAEQ FFG JB 2.1 25/26a 0/49
GA7 VB 20 CA WGDGMNTEA FFG JB 1.1 21/23 0/67
GA8 VB 23 CAS SLSPHSYEQ YFG JB 2.7 34/40 0/16
GA9 VB 8 CAS SFQGTGEL FFG JB 2.2 5/26 0/42
GA10 VB 15 CA TSDLTSGRADEQ FFG JB 2.1 3/5 0/17
GA11 VB 15 CA TSDRDPGDEQ FFG JB 2.1 6/24 0/58

aIn these patients the same amino acid sequence was encoded by two different sequences at the nucleotide level.
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Jb1.4, 7 aa) and not in PBMC, but it displayed a different CDR3
sequence (Fig 2, Table I).

Va24inv NKT are absent in GA We have recently identi®ed
the presence of Va24inv NKT in the lesions of T-cell-reactive
leprosy patients (Mempel et al, 2000). These cells have additionally
been implicated in the development of murine cutaneous granuloma
formation induced by mycobacterial cell wall extracts (Apostolou et
al, 1999). In order to screen for Va24inv NKT we looked for the
invariant Va24±Ja18 rearrangement in both lesions and PBMC.
Surprisingly, notwithstanding the broad usage of Vb chains within
the different patients and the presence of Va24inv NKT in the blood
of all GA patients we could not identify the canonical rearrangement
within the lesions of any GA patient (Fig 4).

Quantitative PCR analysis shows high levels for IL-2 within
GA lesions The persistence and expansion of lymphocyte
populations within a site of cutaneous in¯ammation is often
associated with the expression of cytokines favoring the
development of either TH1 or TH2 associated immune
responses. In the case of cutaneous granulomas, a well-described
pathology is represented by the granulomas following infection
with Mycobacterium leprae presenting a TH1 pattern with high
amounts of IFN-g and TNF-a for the T-cell-reactive response and
a TH2 pattern with IL-4 and IL-5 transcription for the anergic
response (Yamamura et al, 1991). We therefore included well-
characterized leprosy patients (Mempel et al, 2000) in our studies
for cytokine transcription together with the skin biopsies from GA
patients. As shown in Fig 5(b), all patients with a T-cell-reactive
disease pattern (e.g., tuberculoid leprosy and reversal leprosy)
expressed a TH1-dominated cytokine expression (high amounts of
TNF-a and IFN-g) whereas all patients with the anergic form of
the disease (lepromatous leprosy) expressed a TH2-dominated
pattern (predominantly IL-4 and IL-5).

To our surprise, the cytokine pro®les in GA lesions were
strikingly different. As shown in Fig 5(a) the majority of GA
patients displayed high transcription levels of IL-2 compared with
the other cytokines. Interestingly this dominance was not mirrored
by cytokine expression within PBMC where almost all patients
presented with TNF-a as the predominantly expressed cytokine
(Fig 5c). This analysis showed that elevated IL-2 production was
restricted to the skin and might explain the high number of T
lymphocytes found in the lesions.

DISCUSSION

Our study con®rms previous reports that signi®cant numbers of T
lymphocytes in®ltrate the lesions of GA. These lymphocytes are

predominantly CD4 positive. In order to elucidate the speci®city of
the invading lymphocyte populations we decided to screen the
TCR-b repertoire within the granulomatous lesions compared to
PBMC.

Three major possibilities for the composition of T cells in a given
body compartment have been described. First, the homing of T
lymphocytes to an in¯amed site can be dictated by the dominance
of local-antigen-speci®c T cells, which show a very restricted
repertoire of their TCR and are suspected to be expanded by an
antigen-speci®c process. Second, the in®ltration of a minor
antigen-speci®c T cell population can recruit, by means of
nonspeci®c in¯ammatory signals (like cytokines and chemokines),
a larger number of nonspeci®c T cells into the granulomatous site.
In this situation the local TCR repertoire would be expected to
show some antigen-driven biases together with large numbers of
nonspeci®c cells and a polyclonal TCR pattern.

Third, there can be an in®ltration of a totally unspeci®c T cell
population with no restriction or biases in the use of their TCR
repertoire. In this case the local T cell population would be
expected to mirror more or less the T cell repertoire in the
periphery.

Our results showed a very broad usage of Vb families with only
limited bias in all patients. Upon a re®ned analysis we could ®nd in
all patients a small number of skin-speci®c clones on expansion
together with numerous non-skin-speci®c in®ltrates as identi®ed
and con®rmed by the combination of the Immunoscope technique
and intensive sequence analysis.

This situation re¯ects a model for T cell in®ltration into an
in¯ammatous site that has been previously proposed for auto-
immune diseases (Steinman, 1996) or infection of speci®c body
compartments (Musette et al, 1995) and has been adapted by Hogan
et al (1999) for infectious granulomas. In this so-called ``smart bomb
model'' the selective in®ltration of a limited number of site-speci®c
T cells is followed by a large number of nonspeci®c T cells due to
increased production of chemokines and/or cytokines. The T cell
pattern in GA lesions therefore seems to differ profoundly from
cutaneous granulomas recently analyzed in sarcoidosis and leprosy.
In these diseases, in®ltration of T cells is restricted and in T-cell-
reactive leprosy shows a strong bias towards a limited set of Va
(Mempel et al, 2000) and Vb (Wang et al, 1993) families. Of course,
the skin of leprosy patients is invaded by a speci®c pathogen and the
T cell repertoire at the site of infection is expected to show signs of
antigen stimulation. In cutaneous sarcoidosis, however, a pathogen
has not yet been identi®ed and the granulomatous response has
been described to show a similar histopathologic pattern to GA
(Umbert and Winkelmann, 1977). The repertoires of the in®ltrat-
ing T cells in the two conditions are strikingly different, however.
Whereas the T cells in lesions of cutaneous sarcoidosis exhibit many
antigen-driven-like expansions within their granulomas associated
with only few nonspeci®c T cells (Mempel et al, 2000), the T cells
in GA exhibit a broader spectrum of TCR speci®cities, consistent
with a small number of disease-initiating clones nonspeci®cally
recruiting a larger number of other T cells.

In addition, we found no common features of antigen-driven
TCR-Vb rearrangements (on the sequence level) between the
different GA patients, even when looking at expansions generated
in the same Vb±Jb rearrangements (e.g., Vb9±Jb2.1 in patients
GA10 and GA11), indicating that T cell reactivity in GA is
primarily an individual response without the existence of public
responses.

This T cell pattern re¯ects the situation in antigen-driven
processes with parallel in®ltration of numerous nonspeci®c clones.
The possibility of an underlying superantigen-driven process also
seems unlikely as the dominant TCR-Vb rearrangements strongly
varied between the different patients.

In order to search for a possible mechanism for our ®ndings, we
analyzed the intralesional transcription for TH1- or TH2-associated
cytokines by real-time quantitative PCR. In contrast to the
previously described situation in leprosy in which the successful T
cell response is associated with a dominant TH1 pattern and the

Figure 4. Lack of NKT in®ltration into granuloma annulare
lesions. We could detect the Va24inv-associated rearrangement (Va24±
Ja18, 10 aa) in all PBMC samples (left panel) but in none of the GA
lesions, although some of them showed in®ltration of Va24-bearing T
cells (right panel), indicating that signi®cant numbers of NKT do not
in®ltrate GA lesions.
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Figure 5. Cytokine transcription within various granulomas and PBMC of GA patients. Due to limitations in material we could include only
eight granulomas from GA patients. In order to reveal the dominant cytokine milieu possibly directing the local immune response into a TH1- or
TH2-associated response pattern, the transcription level is expressed as the ratio of the cytokine of interest and GAPDH as described in Materials and
Methods. (a) In GA lesions we could ®nd a very high transcription of IL-2 compared to other cytokines. That such a cytokine pro®le is not simply
some methodologic artefact is con®rmed by the analysis of granuloma samples from leprosy patients in which the T-cell-reactive form (e.g., tuberculoid
(T) and reversal (R) leprosy) showed dominant transcription of IFN-g and TNF-a, whereas the T-cell-anergic form (lepromatous (L) leprosy) showed
a predominant transcription of IL-4 and IL-5 (b) as described previously (Yamamura et al, 1991). The excessive production of IL-2 in GA lesions was
not due either to an increase of IL-2 transcription in PBMC as we found in almost all patients TNF-a as the dominant cytokine and to a lesser extent
IL-4 when analyzing the blood samples (c). Figures 5b, 5c, overleaf.
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Figure 5b
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Figure 5c
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anergic response follows rather a TH2 type (Yamamura et al, 1992),
we found in almost all of our GA patients a dominant transcription
of IL-2, a ®nding reported several years ago using monoclonal anti-
IL-2 antibodies (Modlin et al, 1984a). In this respect the situation in
GA seems to differ profoundly from granulomas found in
pulmonary sarcoidosis (Bergeron et al, 1997). This prevalence was
not due to a high general upregulation within the patients'
leukocytes as we could not ®nd the same bias within PBMC, but
seemed rather to re¯ect locally activated T cell populations. This
local production of IL-2, a cytokine known to induce lymphocyte
proliferation, could well explain the particular composition of the
lymphocyte repertoire in our patients. IL-2 would thereby provide
a second signal for the recruited lymphocytes and help to maintain
the local T cell activation. Although recently TNF-a and IFN-g
have been found to be expressed in GA (Fayyazi et al, 2000) in most
of the biopsies we analyzed the level of transcription of these
cytokines was clearly below IL-2 expression, thus rendering
unlikely a exclusive role in the in¯ammatous granulomatous
process.

Another interesting ®nding in our GA patients is the absence of
NKT as evaluated by the absence of the canonical Va24±Ja18
transcript. These cells have been found in the T-cell-reactive forms
of leprosy and their mouse homologs have been identi®ed as being
crucial in the development of cutaneous granulomas induced by
mycobacterial glycolipids (Apostolou et al, 1999; Mempel et al,
2000). In this aspect, GA seems to follow the pattern in cutaneous
sarcoidosis, which would further enforce the absence of a speci®c
pathogen in both diseases.

In summary, we found in our patients with GA a T cell response
characterized by the combination of few skin-speci®c clones
together with many nonspeci®c in®ltrations. The extremely high
production of IL-2 could be an explanation for this particular
situation. The GA-associated T cell pattern thus represents a
particular type of granuloma composition.
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