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CDR3 Motif: Suggestive of Lipid-antigen Selection?
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Folliculotropic mycosis fungoides (FMF), a variant of
mycosis fungoides (MF) with distinct clinical features,
is characterized by infiltration of malignant T cells in
hair follicles. This raises the hypothesis that antigens
in the hair follicle may contribute to the pathogenesis
of FMF. T-cell receptor B gene (TRB) sequences as well
as dendritic cell subsets in patients with FMF (n=21)
and control patients with MF (n=20) were studied to
explore this hypothesis. A recurrent usage of the TRB
junctional genes TRBJ2-1 and TRBJ2-7 was found in
patients with FMF compared with those with MF. These
genes contribute to an amino acid motif in the comple-
mentarity-determining region 3 (CDR3) of the T-cell
receptor. This motif was previously found in T cells sti-
mulated by lipids bound to CD1 on antigen-presenting
cells. Additional immunohistochemical analysis revea-
led abundant CD1c- and CD1la- expressing dendritic
cells in FMF. The combined findings support a role for
lipid-antigen selection in FMF.
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Folliculotropic mycosis fungoides (FMF) is a variant
of mycosis fungoides (MF). Although FMF shares
some clinical similarities with conventional MF, FMF
presents with other clinical features that are atypical for
conventional MF. A pronounced infiltration of malignant
T cells in the skin adnexa, most frequently the hair fol-
licles, is typical of FMF (1, 2). FMF seems to have a more
aggressive clinical course than conventional MF and to
respond poorly to treatment (3, 4) although a subgroup
of patients with FMF with different clinicopathological
features may have a more favourable prognosis (5, 6).
Whether FMF represents a distinct cutaneous T-cell
lymphoma entity remains a matter of discussion (3—6).

MF is thought to arise from skin-resident effector me-
mory T cells, unlike other types of cutaneous T-cell lym-
phoma, such as Sézary syndrome, which probably arises
from central memory T cells (7). Berger et al. (8) have
shown that cutaneous T-cell lymphoma cells proliferate
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upon direct membrane contact with dendritic cells, and
that inhibition of this binding blocks cell proliferation. The
authors proposed that antigen-presentation through major
histocompatibility complex (MHC) class II molecules,
expressed by dendritic cells, and specific recognition of
antigen by the T cell receptor, expressed by cutaneous
T-cell lymphoma cells, resulted in cell proliferation (8).

Antigen-stimulation of normal T cells is mediated by
the T-cell receptor after an antigen has been presented
to T cells by antigen-presenting cells. Antigens bind to
the heterodimeric T-cell receptor variable region (9, 10).
The immunoglobulin-like fold of the T-cell receptor is
composed of 3 loops contributed by the variable region
of each of the respective chains. These 3 loops of each
chain comprise the complementarity-determining re-
gions, CDR1, CDR2 and CDR3, in close proximity to
each other, creating an antigen binding site (9, 10). While
the CDR1 and CDR2 regions of the various chains are
germline-encoded and show little sequence variation, the
CDR3 loops at the centre of the binding site are created
by gene rearrangement and show a much more diversified
sequence, thus enhancing antigen-specific binding (10).
Analysis of the T-cell receptor CDR3 can therefore be
instructive for the study of antigen specificity of T cells
and T-cell lymphoma. Both peptide and lipid antigens can
be presented to T cells. Peptide antigens are presented to
T cells through major histocompatibility complex (MHC)
class II, expressed by specialized antigen-presenting
cells, or MHC class I molecules, expressed by a diver-
sity of other cell types. Lipid antigens stimulate T cells
through cluster differentiation 1 molecules (CD1), a set
of invariable MHC class I-like surface molecules expres-
sed predominantly by dendritic cells and B cells (11).
Two main types of CD1-expressing dendritic cells are
recognized in the skin. Langerhans cells express CDl1a,
whereas dermal dendritic cells express mostly CD1c and,
to a lesser extent, CD1b (12).

The aim of this study was to analyse the characteristics
of the T-cell receptor gene (TR) sequence of FMF and
to investigate dendritic cells in FMF to find evidence of
antigen-selection. The 7R, including the CDR3 sequence,
has been studied previously in conventional MF and Sé-
zary syndrome. These studies have shown broad usage of
variable genes without evidence of selection of particular
TR P variable region genes (TRBV) (13—-19). However,
no such study has been performed previously in FMF.
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METHODS

Patients and clinical data

Patients were registered in the cutaneous T-cell lymphoma data-
base at Oslo University Hospital, comprising all patients diagno-
sed with cutaneous T-cell lymphoma in the period 1997-2012.
Twenty-one patients with FMF were identified from whom skin
biopsies were available for analysis. Twenty randomly selected
patients with conventional MF from whom skin biopsies were
available for analysis were used as control. Diagnoses of all pa-
tients were based on clinical examination, skin biopsy, blood cell
counts and serum chemistry. All skin biopsies were reviewed by
a haematopathologist and diagnoses were made according to the
World Health Organization (WHO) classification (1). The clinical
presentation of the patients with FMF has been reported elsewhere
(4). The study, with reference number 2010/865, was approved
by the Regional Ethics Committee of Health Authority Region
South-East Norway.

T-cell receptor B gene rearrangement and sequence analysis

TRG and TRB gene rearrangements were studied in all patients.
DNA was isolated from paraffin-embedded or snap-frozen tissue,
using the EZ1 tissue kit (Qiagen, Hilden, Germany), according
to the manufacturer’s instructions. DNA quality was verified by
PCR amplification of the albumin gene. 7RG and TRB gene rear-
rangements were detected by multiplex PCR according to the
BIOMED-2 protocol provided by van Dongen et al. (20) using a
commercially available kit (InVivoScribe Technologies, San
Diego, USA). PCR products were size-fractionated on a 3130
Genetic Analyzer (Applied Biosystems, Weiterstadt, Germany)
and analysed using Gene Mapper v. 4.1 software (Applied Bio-
systems). All analyses were performed in duplicate. Interpreta-
tion of the results was performed as previously recommended by
Langerak et al. (21). In short, a clonal 7R gene rearrangement was
diagnosed when the height of one peak on the electrophoregram
was at least 3 times higher than that of other peaks resulting from
the same competitive PCR product. To confirm the TRB
sequences, single primers specific for detected TRBV fa-
mily were used for subsequent sequencing (20). Sequences
were analysed using the IMGT web-based analysis tool

sections were counterstained with haematoxylin and evaluated in
a light microscope. For CD1a/CD1c¢ double immunofluorescence
staining, pretreated paraffin sections were incubated with a rabbit
anti-CD1a monoclonal antibody (clone L21-A, Abcam) followed
by fluorescein isothiocyanate (F17C)-conjugated polyclonal swine
anti-rabbit antibodies (Dako, code number F0205). After washing,
the sections were incubated with a mouse anti-CD1c monoclonal
antibody (clone 2F4, Abcam) followed by TRITC-conjugated goat
anti-mouse antibodies (ABcam nimber ab 7065). Stained slides
were evaluated in a Zeiss fluorescence microscope (Axioplan 2)
utilizing the Isis software (MetaSystems, Altlussheim, Germany).

RESULTS

T-cell receptor B gene rearrangement sequence
analysis

Clonally rearranged TRB genes were detected in 18
out of 21 patients with FMF and 10 out of 20 patients
with MF, clonally rearranged TRB gene sequences were
detected in 13 out of 18 patients with FMF and 8 out of
10 patients with MF. These results are consistent with
what has previously been reported for cutaneous T-cell
lymphoma using BIOMED-2 primers (22). TRB PCR
products were purified and sequenced successfully in
10 out of 13 patients with FMF and 7 out of 8 patients
with MF. The lack of clonal 7RB gene rearrangements in
2 cases of FMF was probably due to DNA degradation
in the archival specimens, as demonstrated by the near
absence of PCR products. Negative results with respect
to TRB gene in the other cases is probably due to lack of
sensitivity of the technique, which requires at least 10%
neoplastic T cells among all T cells in the sample, which

Table I. T-cell receptor B (TRB) gene sequence analysis in folliculotropic
mycosis fungoides (FMF) and MF

(http://www.imgt.org). TRBV, TRB diversity (D) and TRB TRB . .
junction (J) genes were identified for each sample. c CDR3 amino acid
ase V-gene J-gene D-gene sequence Frame
FMF2  TRBV6-1 TRBJ1-4 TRBD1 CASSEATHRGTNEKLFF In-frame
Immunohistochemistry FMF3  TRBV4-1 TRBJ2-2 TRBD2 CASSQLDGAGELFF In-frame
. . . . FMF5  TRBV3-1 TRBJ2-1 TRBDI CASSQGSGTGGYNEQFF In-frame
Immunohistochemical analysis was performed using 5-pm FMF6 TRBV24-1  TRBJ1-4 TRBD2 CATSCSGGGNEKLFF In-frame
sections from formalin-fixed biopsies taken for diagnostic FMF9  TRBV4-1 TRBJ2-4 TRBD2 CASSQVFSSGKAKNIQYF In-frame
purposes; 21 biopsies were available from 21 patients with FMF 12 TRBV7-9 TRBJ1-5 TRBD1 CASSSDSQVRGAVYSNQPQHF In-frame
FMF and 20 biopsies from 20 patients with conventional FMF 14 TRBV7-9 TRBJ2-7 TRBD1 CASSLGGQAYYEQYF In-frame
MEF. Immunohistochemical staining was performed with FMF 16 ;Zg&g:j or TRBJ2-1  TRBDZ CASSLLAGYNEQFF In-frame
primary mouse monoclonal or rabbit polyclonal antibodies FMF 19 TRBV5-8%01 TRBJ2-1 TRBD2 CASRIDNEQFF In-frame
against the following markers: CD3 (clone SP7, Thermo FMF 19 TRBV5-1 TRBJ2-1 TRBD2 CASSGTSSGRENEQFF In-frame
Scientific, Waltham, MA, USA), CD4 (clone SP35 Roche, FMF 19 TRBV12-3or TRBJ2-7 - CASTPP#YEQYF Out-of-frame
Switzerland), CD5 (clone 4C7, Novocastra, Newcastle FMF 21 ;gg$2_4 TRBJ2-7 TRBDI CASSEALTWLGMSGSYEQYF In-fi
- n-frrame
upon Tyne UK), CD7 (clone CBC.37, Dako, Denmark), FMF 21 TRBV10-1 TRBJ2-3 TRBD2 CASSP*RGG#TDTQYF Out-of-frame
CDS8 (clone 4B11 Novocastra), CDla (clor_le MTBL MF 1 TRBV6-5 TRBJ2-3 TRBD2 CASSYSFRSGSTDTQYF In-frame
Novocastra), CD1b (NBP1-86559, Novus Biologicals, MF1  TRBVIO-3  TRBJ2-7 TRBD2 CAISVNTSG*V#EQYF Out-of-frame
Littleton, CO, USA), CDIlc (clone 2F4, Abcam, UK), MF2  TRBVI5 TRBJ2-1 TRBD1 CATSREAPGDYNEQFF In-frame
CDhl1d (Clone CDI1D C3DS5, Santa Cruz Biotechnology, MF 2 TRBV6-5 TRBJ2-7 TRBD1 CASSFRVTGEKAS#SYEQYF  Out-of-frame
Dalls, TX USA), CDRO (FP 11557 dbeam) CDR0 72 s, mons maoy cusowsar b
. - - n-frame
(clone B7-2 D-6, Santa Cruz Biotechnology). After pre- MF8a  TRBV7-8 TRBJ1-2 TRBD1 CASSVSRAGTGGGYTF In-frame
treatment with PT-Link (Dako), paraffin sections were MF8b  TRBV28 TRBJ2-6 TRBDI CASSLLSRGPSGANVLTF In-frame
incubated with primary antibody for 30 min. Bound MF16 TRBV7-2 TRBJ2-2 TRBD2 CASSSTSGSLNTGELFF In-frame
antibody was subsequently demonstrated applying the En MF 18  TRBV7-3 TRBJ2-1 TRBD2 CASSLWPAGGPSVEQFF In-frame

Vision FLEX+ rabbit or mouse linker and the En Vision
FLEX/HRP Detection Reagent (Dako) for 30 min. The
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The EQ(Y/F) Famino acid motif of potentially functional rearrangements is shown in bold. FMF
case numbers19 and 21 demonstrated multiple potentially functional clonal rearrangements.
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Table II. Immunophenotype of lymphoma cells in patients with
folliculotropic mycosis fungoides (FMF) and in patients with mycosis
fungoides (MF)

Marker FMF (n=21) MF (n=20)
CD3 21/21 20/20

CD4 21/21 16/20

CD8 0/21 3/20

CD5 15/20 11/18

CcD7 5/20 3/17

may not always be the case in MF (22), and due to the
fact that all rearranged 7RB genes cannot be detected
with the BIOMED-2 technique (20).

There was no particular selection of TRBV or TRBD
genes in FMF and MF. By contrast, a skewed usage of
TRBJ genes was seen in FMF and, to a lesser extent,
in MF. The highly homologous 7RBJ2-1 or TRBJ2-7
genes were identified in 5 out of the 10 cases of FMF
with potentially functional 7RB gene rearrangements.
The TRBJ gene usage bias resulted in the presence of
the CDR3 EQ(Y/F)F amino acid motif in FMF (FMF
numbers 5, 14, 16, 19 and 21), whereas the motif was
only seen in 2 out of 7 patients with MF (MF numbers 2
and 18). Acidic amino acids or amide-containing amino
acids resulting in more hydrophilic properties were more
frequently present in the CDR3 region in FMF than in MF
(Table I). Complete nucleic acid sequences of potentially
functional rearrangements are available from GenBank
(reference numbers KT878518 to KT878536).

Immunohistochemistry

Table II summarizes the immunophenotype of the neo-
plastic cells in the FMF and MF patients. All cases of
FMF and most of MF showed expression of CD4. CD8
was expressed by 3 of the MF cases. CD5 and CD7 were
variably expressed. Variable numbers of dendritic cells
in epidermis and dermis from FMF and MF patients
stained for CD1a, as expected. However, a larger number
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Table III. CD1c/CD1a ratio in patients with folliculotropic mycosis
fungoides (FMF) and mycosis fungoides (MF)

FMF MF
Patient # CD1c/CD1a ratio Patient # CD1c/CD1a ratio
1 2 1 1.5
2 1 2 0.75
3 4 3 2
4 1 4 4
5 2 5 4
6 2 6 1
7 4 7 1
9 1 8 1
10 1 9 0.75
11 1 10 1
12 3 11 2
13 3 12 2
14 1 13 1
15 4 14 3
15 1.5
16 1
18 2
19 2
Mean 2.1 Mean 1.75

of dendritic cells stained for CD1c in most cases. CDl1c
expressing dendritic cells were particularly numerous
in the epithelium of adnexa of patients with FMF (Fig.
1). The ratio of CDlc- over CDla-expressing cells is
shown in Table III. There was no significant difference
in the CD1¢/CD1a ratio distribution, as analysed by the
Wilcoxon-Mann-Whitney test, nor the mean CD1¢/CD1a
ratio analysed by the Student’s #-test between patients
with FMF and those with MF (»p=0.38 and p=0.33,
respectively). No CD1b-expressing or CD1d-expressing
dendritic cells were seen in FMF or MF. CD1b was ex-
pressed by the basal cell layer of epidermis and adnexa,
but not by other epithelial or other cells in FMF as well
as in MF. Epithelial cells did not express CD1a, CD1c or
CD1d in any of the cases studied. Double immunofluo-
rescence stainings for CD1a and CD1c were performed
in 5 randomly selected FMF and MF cases. Single as well
as double CD1a- and CDI1c-expressing dendritic cells

Fig. 1. Expression of CD1a and CD1c in folliculotropic mycosis fungoides (FMF). Skin biopsy of 1 of the patients with FMF (FMF; #5) analysed
with immunoperoxidase staining for CD1a (A, x100), CD1b (B, x100), CD1c (C, x100) and CD86 (D, x200). (A), (B) and (C) are semi-serial sections.
CD1a- and CD1c-staining reveal numerous positive dendritic cells within a hair follicle, while CD1b-staining reveals expression only by cells of the basal
epithelial layer of the follicle. CD86 is expressed in a small number of dermal dendritic cells.
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Fig. 2. Double immunofluorescence staining for CD1c and CD1a
in folliculotropic mycosis fungoides (FMF). Staining of a hair follicle
infiltrated by FMF cells with fluorochrome-labelled anti-CD1a (green) and
anti-CD1c (red). The image shows single CD1la- (short arrow), single
CD1c- (long arrow) positive cells and CD1a/CD1c-double-positive cells
(arrow head) in an overview of the follicle (A, objective x20) and at higher
magnification (B, oil immersion, objective x100).

were demonstrated in both lymphoma subtypes (Fig. 2).
This analysis also confirmed a CD1c¢/CD1a expression
ratio > 1 in both lymphoma types. However, while FMF
displayed similar numbers of CD1a single-positive and
CD1a/CDlc double-positive cells, MF lesions showed
a trend towards a lower number of CD1a single-positive
and a higher number of CD1a/CDI1c double-positive
dendritic cells compared with FMF. CD80 was expressed
on T cells, but not on dendritic cells, whereas CD86 was
expressed on a small subpopulation of dendritic cells in
all cases, as described previously (23).

DISCUSSION

Evidence of antigen-selection has been documented for
indolent B-cell lymphoproliferative diseases, such as ch-
ronic lymphocytic leukaemia, marginal zone lymphoma,
but also for clinically more aggressive B-cell lymphomas,
such as mantle cell lymphoma and diffuse large B-cell
lymphoma (24). Analysis of the B-cell receptor in these
lymphomas often shows restricted usage of immunoglo-
bulin genes or even stereotypic B-cell receptors (25).
Restricted immunoglobulin gene usage probably results
from selective pressure exerted by antigen-stimulation
resulting in growth advantage of lymphoma cells (25).
Such antigens can either be exogenous or auto-antigens
or a combination of both. A role for antigen-stimulation
has also been postulated for T-cell lymphomas, especially
MF (26). Langerhans cells have been shown to stimulate
cutaneous T-cell lymphoma cells, although the nature of
the antigen is unknown (8). TRB gene sequence analysis
had not hitherto been performed in FMF, although it has
been studied in MF (13—18). Restricted use of 7RB genes
was not demonstrated in MF (13—18). Similarly, the li-
mited number of cases of MF in our study does not show
selective usage of TRB genes. However, our results indi-
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cate recurrent usage of the highly homologous TRB.J2-
1 and TRBJ2-7 genes in FMF, but not of TRBV and
TRBD genes. Usage of these genes results in a EQ(Y/F)
F amino acid motif at the COOH-terminal end of the
T-cell receptor CDR3 region. A similar restricted usage
of TRBJ2-1 and TRBJ2-7 genes has been demonstrated
in Sézary syndrome and in lesional T cells of psoriasis
(19, 27, 28). In contrast to the studies in psoriasis, but
similar to the study in Sézary syndrome, recurrent 7RB
CDR3 motifs encoded by D and N nucleotides were not
detected in FMF or MF in our study. Of note, TRBJ2-1
and TRBJ2-7 genes are also selected for in the peripheral
blood of the healthy adult population (29). In contrast
to the healthy adult population, other TRBJ genes, such
as TRBJI1-1 and TRBJ2-3, are not commonly used in
the FMF patient cohort of this study and in Sézary syn-
drome (19). However, the number of patients is limited
and studies of more patients are needed to confirm the
data. The T-cell receptor EQ(Y/F)F amino acid motif
encoded by TRBJ2-1 and TRBJ2-7 genes is associated
with T cells that recognize lipid antigens through presen-
tation by CD1 molecules on dendritic cells (30, 31). The
motif might facilitate docking of the TCR to the CD1
molecule (30, 31). If proved, the presence of this motif
does not necessarily indicate that similar antigens are
presented to T cells bearing the EQ(Y/F)F TCR motif,
but only that antigens are presented through the CD1
molecules. Most T lymphocytes are stimulated through
specific recognition of peptide antigens bound to major
histocompatibility complex MHC I or Il molecules on the
surface of antigen-presenting cells. T lymphocytes can
also be stimulated by lipid antigens presented by CDI1
molecules (32—34). CD1 molecules are homologous to
MHC class I-molecules. In contrast to MHC molecules,
CD1 are non-polymorphous (11, 35). In humans, CD1
molecules comprise 5 isoforms, CD1la, CD1b, CDlc
(group 1) and CD1d (group 2) and CD1e (intermediate).
The group 1 isoforms presents lipids to T cells, while
group 2 isoforms present lipids to natural killer T cells
(35). CD1 molecules are expressed by antigen-presenting
cells including dendritic cells, Langerhans cells and B
cells and also on epithelial cells (36). A wide repertoire
of self-lipids and foreign lipids, such as microbial lipids,
have been found to be presented by the different CD1
isoforms (35).

T cells in psoriasis have recently been proven to be,
at least in part, CD1a-restricted and to be activated by
neolipid antigens released by increased extracellular
phospholipase PLA2 activity (37). In view of this fin-
ding and of the skewed presence of the EQ(Y/F)F motif
in the T-cell receptor in T cells of psoriasis (28), it is
tempting to speculate that FMF is also CD1 restricted.
To find further evidence of the role of CD1-restricted
antigen presentation in FMF, we studied CD1 expression
by immunohistochemistry in archival skin biopsies of
FMF and control MF. Although the presence of nume-
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rous CD1la-expressing dendritic cells and Langerhans
cells is well-documented in primary cutaneous T-cell
lymphoma (38), expression of CD1b, CDlc and CD1d
is less well documented in these diseases and has not
yet been studied in FMF. A high number of CD1a- and
CD1c-expressing dendritic cells was found in FMF and
MEF. However, CD1c-expressing cells were particularly
numerous in skin adnexa in FMF. We also demonstrated
that a subpopulation of CD1a and CD1c double-positive
cells were present in FMF and MF. CD1b expression was
limited to the basal cells of the epidermis and skin adnexa
in both FMF and MF patients, while CD1d-expressing
cells were not detected. Similar to our findings in MF,
increased numbers of CD1a- and CD1c-expressing dend-
ritic cells have been reported previously in MF (39, 40).
One of these studies also reported an increased number
of CD1b-expressing dendritic cells in MF, but did not
report expression in epithelial cells (39), a finding that
contrasts with our study. Our findings show exclusive
expression of CD1b in the basal cell layer of epidermis,
but not in dendritic cells. The use of frozen section im-
munohistochemistry and a different CD1b antibody in
the study of Fivenson & Nickoloff (39) probably explains
the different results. The exclusive expression of CD1b
in the basal cell layer of the skin is similar to what is re-
ported for normal skin in the Human Protein Atlas using
yet another polyclonal antibody (www.proteinatlas.org).
The presence of CD1d-expressing dendritic cells had
hitherto been documented in normal skin only, but not
in MF or FMF (12). We did not find increased numbers
of CD1d-expressing dendritic cells in MF or FMF. The
immunohistochemistry results strengthen the hypothesis
that lipid-presentation through CD1-expressing dendritic
cells in skin adnexa probably occurs in FMF. It is likely
that lipid-presentation by dendritic cells also occurs in
MF, as indicated by the presence of CD1-expressing cells
in lesional biopsies, albeit at reduced absolute numbers.
It is of interest in this respect that 2 out of 7 cases of MF
also showed the EQ(Y/F)F amino acid motif in the T-cell
receptor f CDR3 region.

In conclusion, our findings show evidence of skewed
TRBJusage in FMF, possibly indicating antigen-selective
pressure exerted by lipid antigens. Furthermore, the
CDl1c molecule was most abundantly expressed by
dendritic cells in cutaneous lesions of patients with FMF.
Therefore, CD1c-expressing dendritic cells might be
responsible for antigen-presentation to FMF lymphoma
cells. Further testing is required to show that FMF lym-
phoma cells are stimulated by lipid antigens presented by
CD1 proteins, as recently proved for T cells in psoriasis
(37). A complete characterization of lipid-specific CD1-
restricted T cells has been facilitated by the development
of CDI1 tetramers loaded with lipid antigens (41). Ho-
wever, these studies need to be performed on cell sus-
pensions using flow cytometry. These studies cannot be
carried out on archival formalin-fixed biopsy materials of
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patients, such as used in our study. Unfixed fresh biopsy
samples for making cell suspensions should be collected
prospectively for such a study. The study of potential
CD1-antigen restriction in FMF and MF is important in
view of novel therapeutic possibilities that may result,
such as treatment with anti-CD1 antibodies. The use of
anti-CD1 antibodies has recently been proposed for the
treatment of psoriasis (42).

ACKNOWLEDGEMENTS

The authors wish to thank E. Hellesylt and M. Fersund for their
excellent support with immunohistochemical analysis.

The authors declare no conflicts of interest.

REFERENCES

1. Swerdlow SH, Campo E, Harris NL, Jaffe ES, Pileri SA, Stein
H, et al. WHO Classification of tumours of haematopoietic
and Llymphoid tissues. Lyon: IARC: 2008.

2. Muniesa C, Estrach T, Pujol RM, Gallardo F, Garcia-Muret P,
Climent J, et al. Folliculotropic mycosis fungoides: clinico-
pathological features and outcome in a series of 20 cases. ]
Am Acad Dermatol 2010; 62: 418-426.

3. Lehman JS, Cook-Norris RH, Weed BR, Weenig RH, Gibson
LE, Weaver AL, et al. Folliculotropic mycosis fungoides:
single-center study and systemic review. Arch Dermatol
2010; 146: 607-613.

4. Mantaka P, Helsing P, Gjersvik P, Bassarova A, Clausen OP,
Delabie J. Clinical and histopathological features of folliculo-
tropic mycosis fungoides: a Norwegian patient series. Acta
Derm Venereol 2013; 93: 325-329.

5. Van Santen, Roach RE, van Doorn R, Horvath B, Bruijn MS,
Sanders CJ, et al. Clinical staging and prognostic factors in
folliculotropic mycosis fungoides. J Am Acad Dermatol 2016;
152: 992-1000.

6. Hodak E, Amitay-Laish I, Atzmony L, Prag-Naveh H, Yanichkin
N, Barzilai A, et al. New insights into folliculotropic mycosis
fungoides (FMF): a single senter experience. J Am Acad
Dermatol 2016; 75: 347-355.

7. Campbell 11, Clark RA, Watanabe R, Kupper TS. Sézary
syndrome and mycosis fungoides arise from distinct T-cell
subsets: a biologic rationale for their distinct clinical beha-
viors. Blood 2010; 116: 767-771.

8. Berger CL, Hanlon D, Kanada D, Dhodapkar M, Lombillo V,
Wang N, et al. The growth of cutaneous T-cell lymphoma
is stimulated by immature dendritic cells. Blood 2002; 99:
2929-2939.

9. Davis MM, Bjorkman PJ. T-cell antigen receptor genes and
T-cell recognition. Nature 1988; 334: 395-402.

10. Goldrath AW, Bevan MJ. Selecting and maintaining a diverse
T-cell repertoire. Nature 1999; 402: 255-262.

11. Van Rhijn I, Moody DB. CD1 and mycobacterial lipids activate
human T cells. Immunol Rev 2015; 264: 138-153.

12. Gerlini G, Hefti HP, Kleinhans M, Nickoloff BJ, Burg G,
Nestle FO. CD1d is expressed on dermal dendritic cells and
monocyte-derived dendritic cells. J Invest Dermatol 2001;
117: 576-582.

13. Whittaker SJ, Smith NP, Jones RR, Luzzatto L. Analysis
of beta, gamma, and delta T-cell receptor genes in my-
cosis fungoides and Sezary syndrome. Cancer 1991; 68:
1572-1582.

14. Bahler DW, Berry G, Oksenberg J, Warnke RA, Levy R. Diver-
sity of T-cell antigen receptor variable genes used by mycosis
fungoides cells. Am J Pathol 1992; 140: 1-8.

15. Gorochov G, Bachelez H, Cayuela JM, Legac E, Laroche L,
Dubertret L, et al. Expression of V beta gene segments by
Sezary cells. J Invest Dermatol 1995; 105: 56-61.

16. Thor Straten P, Ralfkiaer E, Hendriks J, Seremet T, Vejlsgaard

Acta Derm Venereol 2017



ActaDV

ActaDV

1086

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

P. Mantaka et al.

GL, Zeuthen J. T-cell receptor variable region genes in cu-
taneous T-cell lymphomas. Br J Dermatol 1998; 138: 3-12.
Vonderheid EC, Boselli CM, Conroy M, Casaus L, Espinoza
LC, Venkataramani P, et al. Evidence for restricted Vbeta
usage in the leukemic phase of cutaneous T cell lymphoma.
J Invest Dermatol 2005; 124: 651-661.

Morgan SM, Hodges E, Mitchel TJ], Harris S, Whittaker SJ,
Smith JL. Molecular analysis of T-cell receptor beta genes
in cutaneous T-cell lymphoma reveals JB1 bias. J Invest
Dermatol 2006; 126: 1893-1899.

van der Fits L, Sandberg Y, Darzentas N, Zoutman WH, Tiele-
mans D, Wolvers-Tettero IL, et al. A restricted clonal T-cell
receptor aB repertoire in Sézary syndrome is indicative of
superantigenic stimulation. Br J Dermatol 2011; 165: 78-84.
van Dongen ]J, Langerak AW, Briggemann M, Evans PA,
Hummel M, Lavender FL, et al. Design and standardization
of PCR primers and protocols for detection of clonal immu-
noglobulin and T-cell receptor gene recombinations in suspect
lymphoproliferations: report of the BIOMED-2 Concerted
Action BMH4-CT98-3936. Leukemia 2003; 17: 2257-2317.
Langerak AW, Groenen PJ, Briiggemann M, Beldjord K, Bel-
lan C, Bonello L, et al. EuroClonality/BIOMED-2 guidelines
for interpretation and reporting of Ig/TCR clonality testing
in suspected lymphoproliferations. Leukemia 2012; 26:
2159-2171.

Sandberg Y, Heule F, Lam K, Lugtenburg PJ, Wolvers-Tettero
IL, van Dongen 1]J, et al. Molecular immunoglobulin/T-cell
receptor clonality analysis in cutaneous lymphoproliferations.
Experience with the BIOMED-2 standardized polymerase
chain reaction protocol. Haematologica 2003; 88: 659-670.
Nickoloff BJ, Nestle FO, Zheng XG, Turka LA. T lymphocytes
in skin lesions of psoriasis and mycosis fungoides express
B7-1: a ligand for CD28. Blood 1994; 83: 2580-2586.
Seifert M, Scholtysik R, Kiippers R. Origin and pathogenesis
of B cell ymphomas. Methods Mol Biol 2013; 971: 1-25.
Sutton LA, Agathangelidis A, Belessi C, Darzentas N, Davi F,
Ghia P, et al. Antigen selection in B-cell lymphomas-tracing
the evidence. Semin Cancer Biol 2013; 23: 399-409.
Warner K, Weit N, Crispatzu G, Admirand J, Jones D, Herling
M. T-cell receptor signaling in peripheral T-cell lymphoma - a
review of patterns of alterations in a central growth regula-
tory pathway. Curr Hematol Malig Rep 2013; 8: 163-172.
Prinz JC, Vollmer S, Boehncke WH, Menssen A, Laisney I,
Trommler P. Selection of conserved TCR VD] rearrangements
in chronic psoriatic plaques indicates a common antigen in
psoriasis vulgaris. Eur J Immunol 1999; 29: 3360-3368.
Chang JC, Smith LR, Froning KJ, Schwabe BJ, Laxer JA, Caralli
LL, et al. CD8+ T cells in psoriatic lesions preferentially use
T-cell receptor V beta 3 and/or V beta 13.1 genes. Ann N Y

www.medicaljournals.se/acta

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Acad Sci 1995; 756: 370-381.

Freeman JD, Warren RL, Webb JR, Nelson BH, Holt RA. Pro-
filing the T-cell receptor beta-chain repertoire by massively
parallel sequencing. Genome Res 2009; 19: 1817-1824.
Grant EP, Degano M, Rosat JP, Stenger S, Modlin RL, Wilson
IA, et al. Molecular recognition of lipid antigens by T cell
receptors. J Exp Med 1999; 189: 195-205.

Roy S, Ly D, Li NS, Altman JD, Piccirilli JA, Moody DB, et al.
Molecular basis of mycobacterial lipid antigen presentation
by CD1c and its recognition by aB T cells. Proc Natl Acad Sci
2014; 111: 4648-4657.

Porcelli S, Brenner MB, Greenstein JL, Balk SP, Terhorst C,
Bleicher PA. Recognition of cluster of differentiation 1 anti-
gens by human CD4—-CD8-—cytolytic T lymphocyte. Nature
1989; 341: 447-450.

Balk SP, Ebert EC, Blumenthal RL, McDermott FV, Wucherp-
fennig KW, Landau SB, et al. Oligoclonal expansion and CD1
recognition by human intestinal intraepithelial lymphocytes.
Science 1991; 253: 1411-1415.

Beckman EM, Porcelli SA, Morita CT, Behar SM, Furlong ST,
Brenner MB. Recognition of a lipid antigen by CD1-restricted
alpha beta+ T cells. Nature 1994; 372: 691-694.

Van Kaer, Wu L, Joyce S. Mechanisms and consequences of
antigen presentation by CD1. Trends Immunol 2016; 37:
738-754.

Dougan SK, Kaser A, Blumberg RS. CD1 expression on
antigen-presenting cells. Curr Top Microbiol Immunol 2007;
314: 113-141.

Cheung KL, Jarrett R, Subramaniam S, Salimi M, Gutowska-
Owsiak D, Chen YL, et al. Psoriatic T cells recognize neolipid
antigens generated by mast cell phospholipase delivered by
exosomes and presented by CD1la. J Exp Med 2016; 213:
2399-2412.

Pigozzi B, Bordignon M, Belloni Fortina A, Michelotto G,
Alaibac M. Expression of the CD1la molecule in B- and T-
lymphoproliferative skin conditions. Oncol Rep 2006; 15:
347-351.

Fivenson DP, Nickoloff B]. Distinct dendritic subsets expres-
sing factor XIIIa, CD1la, CD1b, CD1c in mycosis fungoides
and psoriasis. J Cutan Pathol 1995; 22: 223-228.

Luftl M, Feng A, Licha E, Schuler G. Dendritic cells and
apoptosis in mycosis fungoides. Br J Dermatol 2002; 147:
1171-1179.

Sidobre S, Kronenberg M. CD1 tetramers: a powerful tool for
the analysis of glycolipid-reactive T cells. J Immunol Methods
2002; 268: 107-121.

Kim JH, Hu Y, Yongqging T, Kim J, Hughes VA, Le Nours J,
et al. CD1a on Langerhans cells controls inflammatory skin
disease. Nat Immunol 2016; 17: 1159-1166.



