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TO THE EDITOR

B-cell-attracting chemokine 1/CXCL13
and secondary lymphoid tissue chemo-
kine/CCL21 are constitutively expressed
within secondary lymphoid organs, reg-
ulating homing of lymphocyte and
dendritic cells to these organs (Nagira
et al., 1997, Gunn et al., 1998a; Legler
et al., 1998; Yoshida et al, 1998).
CXCL13 is a ligand for CXCR5 (Dobner
et al., 1992), which is mainly expressed
on B cells (Forster et al., 1994). CXCL13
is expressed by follicular dendritic cells
and other stromal cells located in the B-
cell areas of secondary lymphoid organs
(Gunn et al., 1998a; Ansel et al., 2000).
CCL21 is a ligand for CCR7 (Burgstahler
et al., 1995), which is highly expressed
on naive T cells and mature dendritic
cells (Sozzani et al., 1998; Yanagihara
et al., 1998; Saeki et al., 1999). CCL21 is
constitutively expressed by stromal cells
within the T-cell zones of secondary
lymphoid organs, endothelial cells of
high endothelial venules (HEVs), and
lymphatic vessels (Gunn et al., 1998b;
Nagira et al., 1998). Recently, several
researchers have recognized that
CXCL13 and CCL21 are also involved
in some human diseases. CXCL13 and
CCL21 expression was shown in lym-
phoid follicle-like structures in salivary
glands of Sjogren syndrome and in-
flamed synovial specimens of rheuma-

toid arthritis (Shi et al., 2001; Manzo
et al, 2005; Barone et al., 2005).

a

Expression of CXCL13 was also shown
in lymphoproliferative disorders such as

b

Figure 1. Ectopic follicular structures of the skin are positive for CXCL13 and CD21.
Immunohistochemistry for formalin-fixed paraffin-embedded sections was performed as described
previously (Barone et al., 2005). Immunohistochemical staining for CXCL13 (AF801, R&D Systems,
Abingdon, UK) of (a) reactive lymph nodes, (b) Kimura’s disease, (c) primary cutaneous follicle center
lymphoma, (d) primary cutaneous diffuse large B-cell lymphoma, and (e) cutaneous T-cell lymphoma.
Positive staining for CD21 (1F8 Dako, Cambridge, UK) in follicular structures of (f) Kimura’s disease.

Bar =500 um.

Abbreviation: HEV, high endothelial venule
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gastric mucosa-associated lymphoid tis-
sue lymphoma and central nervous
system lymphoma (Mazzucchelli et al.,
1999; Smith et al.,, 2003). Here, we
analyzed the relationship between
CXCL13 and CCL21 expression and
ectopic lymphoid structures in cuta-
neous lymphoproliferative disorders.
Skin and lymph node specimens were
obtained from the patients with Kimura'’s
disease (five cases), pseudolymphoma
(six cases), primary cutaneous diffuse
large B-cell lymphoma (five cases), pri-
mary cutaneous marginal zone B-cell
lymphoma (two cases), primary cuta-
neous follicle center lymphoma (four
cases), cutaneous T-cell lymphoma
(seven cases), lichen planus (five cases),
and reactive lymphadenopathy (two
cases) over a period from 1985-2006 in
our department. All cases of cutaneous
lymphoma were diagnosed by the criteria
of World Health Organization-European
Organization for Research and Treatment
of Cancer (WHO-EORTC) classification
(Willemze et al., 2005). The medical
ethical committee of the University of
Tokyo approved all described studies and
the study was conducted according to the
Declaration of Helsinki Principles. Infor-
med consent was obtained to use tissue
specimens from patients and controls.
We first investigated the relationship
between CXCL13 expression and folli-
cular formation in the skin. There was
strong expression of CXCL13 within
follicular structures of Kimura’s disease
(Figure 1b) and pseudolymphoma with
prominent follicular formation similar
to reactive lymph nodes (Figure 1a). In
primary cutaneous marginal zone B-
cell lymphoma and primary cutaneous
follicle center lymphoma, CXCL13+
cells were observed, but their localiza-
tion was not so distinct (Figure Tc).
CXCL13 + cells were very sparse or
almost negative in primary cutaneous
diffuse large B-cell lymphoma (Figure
1d). No CXCL13 + cells were detected
in cutaneous T-cell lymphoma (Figure
1e), lichen planus, and some cases of
pseudolymphoma in which follicular
formation was inconspicuous. As a
source of CXCL13, CD21+ follicular
dendritic cells were detected in lym-
phoid follicles of reactive lymph nodes
and skin specimens with prominent
follicular formation such as Kimura’s
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disease (Figure 1f). CD20+ B cells
were located in these lymphoid follicles
as expected (data not shown). These
results suggested that CXCL13 ex-
pressed by follicular dendritic cells
induces chemotaxis of B cells, playing
important roles in lymphoid follicular
formation in the skin.

Expression of CXCL13 in cutaneous
lymphoid follicles is consistent with
recent reports suggesting that this che-
mokine may be involved in the patho-
genesis  of  several lymphocyte-
mediated diseases such as mucosa-
associated lymphoid tissue lymphoma
(Mazzucchelli et al.,, 1999). It was
indicated that the degree of expression
of CXCL13 was related to size and the
degree of follicular aggregates (Shi
et al., 2001). In our study, cases with
clear follicular structures showed folli-
cular localization of large numbers of
CXCL13 + cells. By contrast, cases
with moderate follicular structures
showed smaller numbers of CXCL13 +
cells. These results indicate that expres-

a

b

sion of CXCL13 is associated with
follicular formation in the skin.

We next investigated CCL21 expres-
sion because CCL21 is also critical for
lymphoid tissue organization. We ob-
served two types of CCL21+ dermal
vessels. One type had wide cavities
and flat one layer of endothelial
cells, which were also positively
stained with D2-40 (Figure 2a and b).
These vessels were observed in all
specimens and were regarded as lym-
phatic vessels. The other type had
smaller cavities with cuboidal endothe-
lial cells whose nuclei were large and
prominent, which were also positively
stained with peripheral lymph node
addressin (PNAd) (Figure 2c and d), a
good marker for HEVs (Michie et al.,
1993). These vessels were localized
to perifollicular area in reactive lymph
nodes, 4/5 of Kimura’s disease, and
pseudolymphoma with prominent folli-
cular formation. Closer examination
revealed that CCL21 staining was ob-
served on the outside of PNAd+

b

Figure 2. CCL21 is positive in D2-40 + lymphatics and on the outer side of PNAd + HEV-like vessels.
Double staining for CCL21 (brown; AF366 R&D Systems, Abingdon, UK) and D2-40 (red; Nichirei,
Tokyo, Japan) of (a and b) Kimura’s disease. (b) Higher magnification of double-positive vessels with large
cavities and flat endothelial cells. Double staining for CCL21 (brown) and PNAd (red; MECA-79,
PharMingen, Oxford, UK) of (c and d) Kimura’s disease. (d) Higher magnification of double-positive
vessels with cubic endothelial cells. Immunohistochemical staining for (e) CD45RA (4KB5 Dako,
Cambridge, UK) and (f) CD45RO (UCHL1 Dako, Cambridge, UK) of Kimura’s disease. Bar =100 um.
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vessels. In 4/7 of cutaneous T-cell
lymphoma, PNAd+ HEV-like vessels
were distributed sparsely in the dermis,
but they were negative for CCL21.
PNAd+ HEV-like vessels were not
detected in lichen planus, and some
cases of pseudolymphoma in which
follicular formation was inconspicuous.
With regard to T-cell sub-popula-
tions (CD45RA+ naive T cells and
CD45RO + memory T cells), CD45RA +
cells were mainly located around
lymphoid follicles in reactive lymph
nodes, Kimura’s disease (Figure 2e), and
pseudolymphoma with prominent folli-
cular  formation. The number of
CD45RO+ cells was extremely small
(Figure 2f). By contrast, most T cells
infiltrating in cutaneous T-cell lymphoma
and lichen planus were CD45RA— and
CD45RO + (data not shown). These
results suggested that CCL21 expressed
on PNAd+ HEV-like vessels induces
chemotaxis of CD45RA 4+ naive T cells,
playing important roles in lymphoid
follicular formation in the skin.

In all cases, some dermal vessels
were positively stained with CCL21,
which is natural considering that
CCL21 is known to be expressed by
endothelial cells of afferent lymphatic
vessels (Gunn et al., 1998b). Endothe-
lial cells of some vessels positively
stained with CCL21, however, were
cuboidal and had large and prominent
nuclei, which is characteristic of HEV
(Figure 2c and 2d). These double-
positive vessels were detected only in
cases showing follicular structures. It
suggests that dermal HEV-like vessels
expressing CCL21 is responsible for
formation of ectopic follicular struc-
tures in the skin.

CONFLICT OF INTEREST
The authors state no conflict of interest.

ACKNOWLEDGMENTS

We thank Dr Andrew Blauvelt (Department
of Dermatology, Oregon Health & Science
University) for many helpful comments and

Kiyoko Nashiro for technical assistance. These
studies were supported by grants from
the Ministry of Education, culture, sports and
technology.

Hanako Ohmatsu’, Makoto Sugaya’,
Takafumi Kadono® and Kunihiko
Tamaki'

"Department of Dermatology, Faculty of
Medlcine, University of Tokyo, Tokyo, Japan
E-mail: sugayam-der@h.u-tokyo.ac.jp

REFERENCES

Ansel KM, Ngo VN, Hyman PL, Luther SA, Forster
R, Sedgwick JD et al. (2000) A chemokine-
driven positive feedback loop organizes
lymphoid follicles. Nature 406:309-14

Barone F, Bombardieri M, Manzo A, Blades MC,
Morgan PR, Challacombe S) et al. (2005)
Association of CXCL13 and CCL21 expres-
sion with the progressive organization of
lymphoid-like structures in Sjogren’s syn-
drome. Arthritis Rheum 52:1773-84

Burgstahler R, Kempkes B, Steube K, Lipp M
(1995) Expression of the chemokine receptor
BLR2/EBI1 is specifically transactivated by
Epstein-Barr virus nuclear antigen 2. Bio-
chem Biophys Res Commun 215:737-43

Dobner T, Wolf 1, Emrich T, Lipp M (1992)
Differentiation-specific expression of a novel
G protein-coupled receptor from Burkitt’s
lymphoma. Eur J Immunol 22:2795-9

Forster R, Emrich T, Kremmer E, Lipp M (1994) Ex-
pression of the G-protein-coupled receptor
BLR1 defines mature, recirculating B cells
and a subset of T-helper memory cells. Blood
84:830-40

Gunn MD, Ngo VN, Ansel KM, Ekland EH,
Cyster JG, Williams LT (1998a) A B-cell-
homing chemokines made in lymphoid
follicles activates Burkitt’s lymphoma recep-
tor-1. Nature 391:799-803

Gunn MD, Tangemann K, Tam C, Cyster JG,
Rosen SD, Williams LT (1998b) A chemokine
expressed in lymphoid high endothelial
venules promotes the adhesion and chemo-
taxis naive T lymphocytes. Proc Natl Acad
Sci USA 95:258-63

Legler DF, Loetscher M, Roos RS, Clark
Lewis |, Baggiolini M, Moser B (1998) B
cell-attracting  chemokine 1, a human
CXC chemokine expressed in lymphoid
tissue, selectively attracts B lymphocytes
via BLR1/CXCR5. | Exp Med 187:
655-660

Manzo A, Paoletti S, Carulli M, Blades MC,
Barone F, Yanni G et al. (2005) Systemic
microanatomical analysis of CXCL13 and
CCL21 in situ production and progressive
lymphoid organization in rheumatoid syno-
vitis. Eur J Immunol 35:1347-59

2468 Journal of Investigative Dermatology (2007), Volume 127

Mazzucchelli L, Blaser A, Kappeler A, Scharli P,
Laissue JA, Baggiolini M et al. (1999) BCA-1 is
highly expressed in Helicobacter pylori-in-
duced mucosa-associated lymphoid tissue and
gastric lymphoma. J Clin Invest 104:R49-54

Michie SA, Streeter PR, Bolt PA, Butcher EC,
Picker L) (1993) The human peripheral lymph
node vascular addressing. An inducible en-
dothelial antigen involved in lymphocyte
homing. Am J Pathol 143:1688-98

Nagira M, Imai T, Hieshima K, Kusuda J,
Ridanpdd M, Takagi S et al. (1997) Molecular
cloning of a novel human CC chemokine that
is a potent chemoattractant for lymphocytes
and mapped to chromosome 9q13. J Biol
Chem 272:19518-24

Nagira M, Imai T, Yoshida R, Takagi S, lwasaki M,
Baba M et al. (1998) A lymphocyte-specific
CC chemokine (SLC), is a highly efficient
chemoattractant for B cells and activated T
cells. Eur J Immunol 28:1516-23

Saeki H, Moore AM, Brown MJ, Hwang ST (1999)
Cutting edge: secondary lymphoid-tissue
chemokine (SLC) and CC chemokine recep-
tor 7 (CCR?) participate in the emigration
pathway of mature dendritic cells from the
skin to regional lymph nodes. J Immunol
162:2472-5

Shi K, Hayashida K, Kaneko M, Hashimoto J,
Tomita T, Lipsky PE et al. (2001) Lymphoid
chemokine B cell-attracting chemokine-1
(CXCL13) is expressed in germinal center of
ectopic lymphoid follicles within the syno-
vium of chronic arthritis patients. J Immunol
166:650-5

Smith JR, Braziel RM, Paoletti S, Lipp M, Uguccioni
M, Rosenbaum JT (2003) Expression of B-cell-
attracting chemokine 1 (CXCL13) by malig-
nant lymphocytes and vascular endothelium
in primary central nervous system lymphoma.
Blood 101:815-21

Sozzani S, Allavena P, D’Amico G, Luini W,
Bianchi G, Kataura M et al. (1998) Differ-
ential regulation of chemokine receptors
during dendritic cell maturation: a model
for their trafficking properties. J Immunol
161:1083-6

Willemze R, Jaffe ES, Burg G, Cerroni L, Berti E,
Swerdlow SH et al. (2005) WHO-EORTC
classification for cutaneous lymphomas.
Blood 105:3768-85

Yanagihara S, Komura E, Nagafune J, Watarai H,
Yamaguchi Y (1998) EBIT/CCR7 is a new
member of dendritic cell chemokine rece-
ptor that is up-regulated upon maturation.
J Immunol 161:3096-102

Yoshida R, Nagira M, Kitaura M, Imagawa N,
Imai T, Yoshie O (1998) Secondary lym-
phoid-tissue chemokine is a functional ligand
for the CC chemokine receptor CCR7. J Biol
Chem 273:7118-22





