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In normal human peripheral blood, cutaneous lymphocyte
antigen is expressed by memory T cells, suggesting a
specific tissue-homing population of T cells. In this study
it is demonstrated that 6% of CD56 + natural killer cells
in peripheral blood also express cutaneous lymphocyte
antigen (CLA). It was also detected that most of the
tumor cells in primary cutaneous nasal-type natural Killer
cell lymphomas were CLA-positive, whereas primary
nasal natural Killer cell lymphomas were CLA-negative.
Although natural Killer cells traditionally are known to be
non-specific immune cells without antigen specificity and
little is known about the role of natural killer cells in skin
diseases, the results of this study suggest the existence
of a subset of skin-associated CLA+ CD56+ natural
killer cells. These natural killer cells may be related to
the pathogenesis of primary cutaneous natural Killer cell
lymphomas. Key words: cutaneous lymphocyte antigen;
natural killer cells; primary cutaneous natural killer cell
lymphomas.
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Memory T cells that infiltrate the skin express a unique
skin-homing receptor called the cutancous lymphocyte
antigen (CLA), a carbohydrate (HECA-452) epitope on
the P-selectin glycoprotein ligand-1 that facilitates the
targeting of T cells, especially CD4+ T-helper cells to
inflamed skin (1). CLA is highly expressed in the
majority of skin-infiltrating T cells in benign inflam-
matory skin diseases and cutancous T-cell lymphoma
(CTCL) (1-4). In addition, circulating neutrophils and
monocytes and cultured blood dendritic cells are shown
to express CLA (4). Our previous work concerned
primary cutaneous natural killer cell lymphoma (NKL),
which is more prevalent in Asia, and incidentally we
detected high expression of CLA in the tumor cells of
primary cutaneous NKL (5).
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Tissue-specific homing in natural killer (NK) cells is
not known and NK cells are defined functionally by
their ability to lyse target cells without prior sensitiza-
tion and major histocompatibility restriction (6). A few
studies have been conducted regarding the role of NK
cells in skin diseases, such as alteration of NK cell
number and activity in atopic dermatitis and viral
infections (7—10). NK cells have been found in the
cellular infiltrates in lesional psoriatic skin (11).

Our objective was to elucidate the CLA+ skin-
homing NK cell population in normal peripheral blood
and any possible association with skin diseases,
particularly NKLs occurring primarily in the skin.

MATERIAL AND METHODS
Clinical data

Eight cases of primary cutaneous (initially presenting at
skin without other organ involvement within 6 months) NKL
(5, 12) without clonal rearrangement of the T-cell receptor
(TCR) gamma gene were identified at the Department of
Dermatology. The diagnosis was consistent with the previous
description of extranodal nasal/nasal type NK/T-cell lym-
phoma by WHO classification. Our cases occurred primarily
in the skin and we therefore use the term “primary cutaneous
NKL” in this study. The study group included 3 males and
5 females, mean age 42 years (range, 16—77 years). All the
patients had recurrent benign-looking subcutaneous inflam-
matory nodular lesions with a predominantly subcutaneous
lymphoid infiltrate. The lower extremities were the sites of
predilection. Seven patients died within 43 months of onset of
the skin lesions.

One case of primary nasal NKL (also categorized as extra-
nodal nasal/nasal type NK/T-cell lymphoma by the WHO
classification) without skin involvement was selected for
comparison of CLA expression. Myelomonocytic leukemia
was excluded in all patients, since the infiltrates did not
express any myelocytic markers and were negative to CD34.

Immunohistochemical study and genotypic analysis of TCR

Immunohistochemical analyses were performed using paraffin-
embedded skin specimens. The skin specimens were obtained
from the 8 cases of primary cutaneous NKL. Antibodies for
CD3 (Dako, Glostrup, Denmark), CD20 (Dako), CD45RO
(Dako), Ki-67(Immunotech, Marseilles, France), TIA-1 (Dako),
CD4 (Dako),CD8 (Dako), Tdt(Dako), CD56 (Becton-Dickinson,
Mountain view, CA, USA) and CLA (Becton-Dickinson) were
used following the standard streptavidin-biotin peroxidase
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method. The percentage of staining was graded by the per-
centage of tumor cells and the scoring scale was as follows: —,
none; +, less than 10%; 2+, 10-25%; 3+, 25-50%; 4+,
50-75%; 5+, 75—100%. Genotyping analysis of the TCR-y
gene by polymerase chain reaction (PCR) was performed using
primer sets directed against all TCR-y variable regions and
joining regions in all skin biopsy samples. PCR of the beta-
globin gene was also performed to assure the quality of DNA.

FACS analysis

Peripheral blood samples from healthy volunteers aged
28 -31 years (4 males and 4 females) were taken. Peripheral
blood mononuclear cells (PBMC) were prepared by centrifu-
gation over Ficoll-Paque plus. The PBMC samples were
double-stained with fluorescein isothiocyanate (FITC)-
labelled CLA (HECA-452, PharMingen, San Diego, CA,
USA) antibody and Phycoerythrin (PE)-labelled CD3, CD4,
CD8 and CDS56 antibodies (Becton-Dickinson). Isotype-
matched irrelevant antibodies were used as negative controls.
Using a FACS machine (Becton Dickinson, San Jose, CA,
USA), after gating on the lymphoid cell population by side
and forward light scatter, different cell subsets (CD3, CD4,
CDS8 and CD56) were calculated for expression of CLA in
dual staining. Since there is also a minor population of T cells
(CD3+4+CD8+) that express CD56, each CD3+CDS56+
CLA+ population and CD8+CD56+CLA+ population
was also calculated by triple analysis. For triple analysis,
FITC-labelled CLA, Percp-labelled CD3 (Dako, CA, USA),
Percp-labelled CD8 (Dako, CA, USA) and PE-labelled CD56
were used.

RESULTS

Immunohistochemical results of 8 cases of primary
cutaneous natural killer cell lymphoma

The 8 cases analyzed presented with skin lesions such as
subcutaneous nodules or plaques and with no evidence
of systemic lymphomas within 6 months of diagnosis.
Genotyping analysis of the TCR-y gene using PCR did
not demonstrate any monoclonality in the skin of any
of the 8 cases (Table I).

CLA expression was demonstrated 4+ —5+ in the
CD56+ tumor cells forming subcutaneous lymphoid
infiltrate in the 8 cases (Figs 14 and B). The proportion
of CLA + cells was higher than in dermal angiocentric
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infiltrate. In contrast, few positive cells were detected in
the case of primary nasal NKL (Fig. 1C).

The immunophenotype was similar; positive for cyto-
plasmic CD3 (6 cases; 4+ —5+), CD45RO (6 cases; 5+),
CD356 (8 cases; 5+), TIA-1 (8 cases; 4+ —5+), Ki-67 (8
cases; 3+ —5+). The lymphoma cells were negative for
CD20, CD8 and TdT. CD30 was positive 2+ —3+) in 2
cases and CD4+ (24 —3+) in 2 cases.

FACS results of PBMC from 8 healthy volunteers
CLA was expressed by a small but consistent propor-
tion of CD4+ T cells, CD8+ T cells and CD56+ cells.
CLA expression was as follows (mean +SD): 13.3+3.2%
in CD3+ cells; 21.943.3% in CD4+ cells; 6.04+1.6%
in CD8+ cells; and 6.3+1.3% in CD56+ cells.
Representative figures can be seen in Fig. 2.

In subject number 1, the population of CD3+
CD56+CLA + cells was only 1.9% and CD8§+CD56 +
CLA+ was 0.6% (Table II).

DISCUSSION

Continuous recirculation of cells from blood through
tissue (lymphoid and other tissues) and back through
the lymphatics to the blood is a key characteristic in the
immune system (1-3, 13). For efficient immune sur-
veillance, the cells of the immune system are specifically
targeted to sites of inflammation or sites of priming
(1-3, 13). Following antigen encounter and recognition
in an appropriate microenvironment, lymphocytes dif-
ferentiate into effector/memory cells acquiring the
ability to access extralymphoid immune effector sites
where they are most likely to re-encounter their specific
antigen. Distinct subsets of memory/effector cells exist
with tissue-selective patterns of migration and adhesion
molecules, termed “homing receptors”, that mediate
lymphocyte binding to high endothelial venules in dif-
ferent lymphoid organs (13-16).

CLA is known as a skin-homing receptor expressed
on a minority of memory-type peripheral blood T cells
(13—16). CLA is highly expressed in the skin-infiltrating

Table 1. Results of immunohistochemical analysis of primary cutaneous natural killer cell lymphoma.

Case no. CD3 (cytoplasmic) CD4 CDS CD45RO CD20 CD30 CD56 TIA-1 Ki-67 CLA
1 4+ - - 4+ - - 5+ 3+ 24 5+
2 4+ 24 - 5+ - - 44 4+ 24 4+
3 3+ - + 4+ - + 5+ 3+ 2+ 44
4 + - + 4+ - - 44 4+ 24 4+
5 - - - 4+ - 2+ 5+ 4+ 3+ 5+
6 + 3+ — 4+ - - 5+ 3+ 3+ 5+
7 - 2+ - 4+ - - 4+ 3+ 2+ 44
8 + - - 4+ - - 4+ 3+ 3+ 4+

Percentage of staining was graded by a scoring scale: —, none; +, less than 10%; 2+, 10% —25% reactivity; 3+, 25% —50% reactivity; 4+, 50% —

75% reactivity; 5+, 75%—100% reactivity.
CLA: Cutaneous lymphocyte antigen.
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Fig. 1. A biopsy taken from a subcutaneous nodule on the shin in
a patient with primary cutaneous natural killer cell lymphoma
(NKL) showed lobular panniculitis composed of CD56+ tumor
cells (4) (immunoperoxidase staining of CDS56, x200). The
CDS56+ tumor cells were weakly positive to cutaneous lymphocyte
antigen (CLA) (B) (immunoperoxidase staining of CLA, x200). In
contrast, few positive cells were detected in a case of primary nasal
NKL (C) (immunoperoxidase staining of CLA, x 200).

T cells in inflammatory skin diseases and CTCL
(1-4). In addition, subpopulations of myelomonocytic
cells and dendritic cells are shown to express CLA (4,
16), whereas in the peripheral blood, CLA was
expressed on <20% of CD4+, CD8+ and CD56+
NK cells, >60% of CD4+, CD8+ and CD56+ cells
isolated from skin-derived lymph expressed CLA, indi-
cating an important role in cell homing to the skin (13).
Our observation that CD56+ NK cells in peripheral
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blood of healthy volunteers and the majority of cells in
primary cutaneous NKL also express CLA suggests the
existence of a subset of CLA+ CD56+ NK cells pre-
ferentially homing to the skin. The finding that the case
of primary nasal NKL had few CLA+ cells may be
further evidence to support this suggestion.

The biological and clinical relevance of human NK
cells is not fully known. NK cells comprise 10—15% of
human peripheral blood lymphocytes and are defined
functionally by their ability to lyse target cells without
deliberate prior sensitization and without restriction by
major histocompatibility (6). No single surface antigen
described unambiguously identifies all human NK cells.
The antigens used most extensively as NK cell markers
are CD56 and CD16. The CD56 antigen is expressed by
virtually all human peripheral blood cells capable of
non-MHC-restricted cytotoxicity. Most CD56 periphe-
ral blood cells also express CD16. There are limitations
to the use of CD56 alone, although CD56 appears to
identify all lymphocytes possessing NK activity (6, 17).
NK cells have been implicated in various activities
including the destruction of tumor cells, resistance to
viral infections and regulation of hematopoiesis (6) but
little is known about the role of NK cells in skin
diseases. Furthermore, recirculation patterns and spe-
cific homing of NK cells have not been studied. Little is
known about the expression of CLA on NK cells in
skin diseases. A few studies have been conducted
concerning the role of NK cells in atopic dermatitis and
psoriasis, which are among the most common inflam-
matory skin diseases. In atopic dermatitis, there was a
negative correlation between the percentage of NK cells
and total IgE levels (7) and NK cell activity was less
than that in normal persons (7-9). Patients with atopic
dermatitis do not cope well with certain cutaneous viral
infections and this may be related to alteration of NK
cells (10). NK cells were found in the cellular infiltrates
in lesional psoriatic skin (11).

During the past decade, an important new subtype of
non-Hodgkin’s lymphoma has emerged and this is the
lymphoma derived from NK cells (18—-23). The NKL,
which can involve the skin in a primary or secondary
fashion, is characterized by the expression of the NK-
cell antigen CDS56. These CD56+ lymphomas are
further subdivided into nasal NKL and non-nasal NKL
that often arise in extranodal locations, including the skin
(18-23). NK cells do not show expression of TCR
protein and the TCR is a germ-line configuration (18).
NK cells are negative for surface CD3 but can show
cytoplasmic positivity of CD3 and other T-cell markers
(18—-23). These characteristics of NK cells are con-
sistent with NKL. We have observed typical cases of
primary cutaneous NKL. As well as CTCL, primary
cutaneous NKL can be phenotypically differentiated
from populations of non-cutaneous lymphomas. The
high expression of the CLA skin homing receptor in
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has a unique predilection for skin. CLA positivity in this
type of lymphoma is a new finding suggesting that skin
disease-related NK cells are associated with the develop-
ment of primary cutaneous NKL.

As in memory T cells, epidermal dendritic cells
(Langerhans’ cells) express CLA with preferential mig-
ration of skin and skin-associated lymphoid tissue; they
migrate from the epidermis through the superficial lymph
system to the associated lymph nodes, where they may
stimulate naive lymphocytes. Double immunohistoche-
mical staining showed that 14% of CD68+ dendritic

Table II. FACS results of cutaneous lymphocyte antigen-
positive peripheral blood mononuclear cells of healthy controls.

Subject CD3+ CD4-+ CD8+ CD56+
no. (%) (%) (%) (%)
1 12.9 23.7 7.0 5.1
2 11.5 17.1 5.7 5.4
3 8.2 215 23 5.7
4 15.9 239 7.7 7.5
5 13.1 239 6.9 7.7
6 10.9 16.5 5.6 45
7 17.2 23.4 6.5 7.4
8 17.0 253 6.3 7.1

dendritic cells (Langerhans’ cells) in normal skin
display CLA (24). In one study, further evidence was
found of the presence of CLA+ antigen presenting
cells (perivascular dermal dendritic cells and epidermis)
in the skin depending on stimuli (25). In this manner, a
certain proportion of NK cells or other NK-like cells
may have a tendency towards skin homing. Our
additional study showed that CD3+CD56+CLA +
cells and CD8+CD56+ CLA + cells were only minor
populations. Only one article described the CD56+
CLA + cells (about 12.2%) without commenting on any
significance (13). Local microenvironment in skin may
play an important role in the distribution of immune
resources by modulating the expression and function
of the CLA of NK cells as well as T cells (24-31);
repeated activation in the skin may serve to reinforce
CLA expression on NK cells functionally associated
with the skin, thus enhancing the functional efficiency
of these cells by preferentially focusing their recircula-
tion to the skin or related sites.

In conclusion, our results suggest the existence of
skin-associated CLA + CD56+ NK cells which may be
associated with the pathogenesis of variable skin
diseases, especially primary cutaneous NKL. However,
the clinical relevance of these cells in association with
various skin diseases has to be studied further.

Acta Derm Venereol 83



166

S.-E. Chang et al.

REFERENCES

1.

10.

11.

12.

13.

14.

15.

Acta

. Chilarelli

Picker LJ, Michie SA, Rott LS, Butcher EC. A unique
phenotype of skin-associated lymphocytes in humans.
Preferential expression of the HECA-452 epitope by
benign and malignant T cells at cutaneous sites. Am
J Pathol 1990; 136: 1053 - 1068.

. Akdis M, Klunker S, Schiliz M, Blaser K, Akdis CA.

Expression of cutaneous lymphocyte-associated antigen
on human CD4+ and CD8+ Th2 cells. Eur J Immunol
2000; 30: 3533-3541.

. Noorduyn LA. Differential expression of the HECA-452

Histopathology 1992; 21: 59— 64.

. Picker LJ, Treer JR, Ferguson-Darnell B, Collins PA,

Bergstresser PR, Terstappen LW. Control of lymphocyte
recirculation in man. II. Differential regulation of the
cutaneous lymphocyte-associated antigen, a tissue-selective
homing receptor for skin-homing T cells. J Immunol
1993; 150: 1122-1136.

. Chang SE, Huh J, Choi JH, Sung KJ, Moon KC,

Koh JK. Clinicopathological features of CD56+ nasal
type T/NK cell lymphomas with lobular panniculitis. Br
J Dermatol 2000; 142: 924 -930.

. Robertson MJ, Ritz J. Biology and clinical relevance of

human natural killer cells. Blood 1990; 76: 2421 —2438.

. Wehrmann W, Reinhold U, Kukel S, Franke N,

Uerlich M, Kreysel HW. Selective alterations in natural
killer cell subsets in patients with atopic dermatitis. Int
Arch Allergy Appl Immunol 1990; 92: 318-322.
F, Canfora G, Verrotti A, Amerio P,
Morgese G. Natural killer cell function in atopic der-
matitis. Acta Paediatr Scand 1988; 77: 275-278.

. Hall TJ, Rycroft R, Brostoff J. Decreased natural

killer cell activity in atopic eczema. Immunol 1985; 56:
337-344.

Lever RS, Lesko MJ, MacKie RM, Parrott DM. Natural
killer cell activity in atopic dermatitis: a sequential study.
Clin Allergy 1985; 15: 479 —486.

de Boer OJ, van der Loos CM, Hamerlinck F, Bos JD,
Das PK. Reappraisal of in situ immunophenotypic
analysis of psoriasis skin: interaction of activated HLA-
DR+ immunocompetent cells and endothelial cells is a
major feature of psoriatic lesions. Arch Dermatol Res
1994; 286: 87-96.

Willemze R, Meijer CJLM. EORTC classification for
primary cutaneous lymphomas: the best guide to good
clinical management. Am J Dermatopathol 1999; 21:
265-273.

Hunger RE, Yawalkar N, Braathen LR, Brand CU. The
HECA-452 epitope s highly expressed on lymph cells derived
from human skin. Br J Dermatol 1999; 141: 565 —569.
Armerding D, Kupper TS. Functional cutaneous lym-
phocyte antigen can be induced in essentially all peri-
pheral blood T lymphocytes. Int Arch Allergy Immunol
1999; 119: 212-222.

Jang KA, Choi JC, Choi JH. Expression of cutaneous
lymphocyte-associated antigen and TIA-1 by lymphocy-
tes in pityriasis lichenoides et varioliformis acuta and
Ilymphomatoid papulosis: immunohistochemical study.
J Cutan Pathol 2001; 28: 453 -459.

. Dinther-Jassen ACHM, Pals ST, Scheper R, Breedveld F,

Derm Venereol 83

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Meijer CJLM. Dendritic cells and high endothelial venules in
the rheumatoid synovial membrane. J Rhematol 1990; 17:
11-17.

Lanier LL, Testi R, Bindl J, Phillips JH. Identity of
Leu-19 (CD56) leukocyte differentiation antigen and
neural cell adhesion molecule. J Exp Med 1989; 169:
2233-2238.

Chan JK. Peripheral T-cell lymphoma and NK-cell
neoplasms: an integrated approach to diagnosis. Mod
Pathol 1999; 12: 177-199.

Jaffe ES, Chan JKC, Su 1J, Frizzera G, Mori S,
Feller AC, et al. Report of the workshop on nasal and
related extranodal angiocentric T/natural killer cell
lymphomas. Am J Surg Pathol 1996; 20: 103 -111.
Dummer R, Potoczna N, Haffner AC, Zimmermann DR,
Gilardi S, Burg G. A primary cutaneous non-T, non-B
CD4+, CD56+ lymphoma. Arch Dermatol 1996; 132:
550-553.

Bastian BC, Ott G, Muller-Deubert S, Brocker EB,
Muller-Hermelink HK. Primary cutaneous natural killer/
T-cell lymphoma. Arch Dermatol 1998; 134: 109—111.
Radonich MA, Lazova R, Bolognia J. Cutaneous natural
killer/T-cell lymphoma. J Am Acad Dermatol 2002; 46:
451 -456.

Miyamoto T, Yoshino T, Takehisa T, Hagari Y,
Mihara M. Cutaneous presentation of nasal/nasal type
T/NK cell lymphoma: clinicopathological findings of four
cases. Br J Dermatol 1998; 139: 481 -487.

Butcher EC, Picker LJ. Lymphocyte homing and homeo-
stasis. Science 1996; 272: 60— 66.

Picker LJ. Control of lymphocyte homing. Curr Opin
Immunol 1994; 6: 394 —406.

Kagi D, Ledermann B, Burki K, Zinkernagel RM,
Hengartner H. Lymphocyte-mediated cytotoxicity in vitro
and in vivo: mechanisms and significance. Immunol Rev
1995; 146: 95-115.

Kieffer JD, Fuhlbrigge RC, Armerding D, Robert C,
Ferenczi K, Camphausen RT, et al. Neutrophils, mono-
cytes, and dendritic cells express the same specialized
form of PSGL-1 as do skin-homing memory T cells:
cutaneous lymphocyte antigen. Biochem Biophys Res
Commun 2001; 285: 577 —587.

Rossiter H, Reijsen FV, Mudde GC, Kalthoff F,
Bruijnzeel-Koomen CA, Picker LJ, et al. Skin disease-
related T-cells bind to endothelial selections; expression of
cutaneous lymphocye antigen (CLA) predicts E-selectin
but not P-selectin binding. Eur J Immunol 1994; 24: 205 - 210.
Picker LJ, Martin RJ, Trumble A, Newman LS,
Collins PA, Bergstresser PR, et al. Differential expression
of lymphocyte homing receptors by human memory/
effector cells in pulmonary versus cutaneous immune
effector sites. Eur J Immunol 1994; 24: 1269 -1277.

De Boer OJ, Horst E, Pals ST, Bos JD, Das PK.
Functional evidence that the HECA-452 antigen is
involved in the adhesion of human neutrophils and
lymphocytes to tumour necrosis factor-alpha-stimulated
endothelial cells. Immunology 1994; 81: 359 —365.

Rosa M. T-cell population of primary and secondary
CBCL does not express the CLA. Arch Dermatol Res
1997; 289: 327-330.



