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The distribution and pathological significance of sphingosine-1-phosphate receptor 1 expression are still

unclear. In this study, we evaluated sphingosine-1-phosphate receptor 1’s suitability as a diagnostic marker for

malignant lymphoma by immunostaining formalin-fixed paraffin-embedded sections using a well-defined

commercial anti-sphingosine-1-phosphate receptor 1 antibody. Sphingosine-1-phosphate receptor 1 was

strongly expressed on the surface of small lymphocytes forming primary lymphoid follicles and in the mantle

zone of secondary lymphoid follicles. Microarray-based immunohistochemistry with tissue samples from 85

lymphoid malignancy cases demonstrated that sphingosine-1-phosphate receptor 1 was expressed on the

surface of mantle cell lymphoma cells. Strong expression was observed in all classical mantle cell lymphoma

cases involving the lymph node (19 out of 19), gastrointestinal tract (10 out of 10), bone marrow (9 out of 9), and

orbita (1 out of 1). Good results were obtained even in sections where cyclin D1 signals were lost because of

over-fixation and/or decalcification. One aggressive variant of mantle cell lymphoma displayed a weaker

membranous staining than classical mantle cell lymphoma in the lymph node and bone marrow. In a cyclin D1-

negative mantle cell lymphoma of the orbita, no conclusive result was obtained. No cases of follicular

lymphoma, marginal zone lymphoma, B lymphoblastic leukemia/lymphoma, or Burkitt’s lymphoma showed any

significant expression, whereas 2 out of 6 chronic lymphocytic leukemia/small lymphocytic lymphomas in bone

marrow, 1 out of 3 lymphoplasmacytic lymphomas in the lymph node, and 2 out of 37 diffuse large B-cell

lymphomas exhibited staining. A quantitative reverse transcription polymerase chain reaction-based analysis

of mantle cell lymphoma lines revealed the sphingosine-1-phosphate receptor 1 mRNA expression level to

be well correlated with the results of immunocytochemistry, flow cytometry, and western blotting. Thus,

sphingosine-1-phosphate receptor 1 immunohistochemistry may be useful in the histological diagnosis of

mantle cell lymphoma with formalin-fixed and paraffin-embedded sections. The antigen may be particularly

valuable in cases where cyclin D1 immunostaining is not successful.
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Mantle cell lymphoma is a well-defined clinico-
pathological entity characterized by a proliferation
of CD5-positive B-cell lymphocytes, which may be

derived from primary lymphoid follicles or the
mantle zone of secondary follicles.1,2 This lympho-
ma shows translocation t(11;14)(q13;q32) and over-
expression of cyclin D1, and exhibits a poor
response to conventional chemotherapy resulting
in a relatively short survival period. Distinguishing
mantle cell lymphoma from other small B-cell
lymphomas such as marginal zone B-cell lympho-
ma, follicular lymphoma, and chronic lymphocytic
lymphoma/small lymphocytic lymphoma, is impor-
tant because of differences in patient management.3
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Cyclin D1 overexpression is a hallmark of mantle
cell lymphoma, but in a small proportion of cases,
the spectrum of morphological and phenotypic
features is broader than initially described. More-
over, cyclin D1-related immunohistochemistry is
easily affected by technical factors including fixa-
tion time4 and decalcification, and recently, mantle
cell lymphoma without cyclin D1 overexpression
has been reported.5 Therefore, specific immunohis-
tochemical markers that can serve as a diagnostic
tool to distinguish mantle cell lymphoma would be
invaluable.

Sphingosine-1-phosphate, a potent lipid mediator
produced from the metabolism of sphingolipid
by the actions of sphingosine kinase,6,7 trans-
duces intracellular signals through activation of the
sphingosine-1-phosphate receptors (S1PR1, S1PR2,
S1PR3, S1PR4, and S1PR5), seven-truncated plasma
membrane receptors ubiquitously expressed in
different tissues.8,9 The sphingosine-1-phosphate
receptor influences different biological processes,
such as cell proliferation, survival, migration, and
morphogenesis, depending on the relative expres-
sion of these sphingosine-1-phosphate receptors
coupled to different intracellular second messenger
systems, including phospholipase C, and phospha-
tidylinositol 3-kinase/protein kinase Akt, as well as
Rho- and Ras-dependent pathways.6–9 The S1PR1
gene is located on chromosome 1p21 and was
initially isolated as endothelial differentiation
gene-1 from human endothelial cells.10 S1PR1 is
widely expressed in adult tissues including en-
dothelial cells, the brain, and the cells of the
immune system.11 Both T- and B-lymphocytes have
been shown to use sphingosine-1-phosphate/S1PR1
signaling for trafficking.9,12–14 However, most find-
ings have been obtained from experiments using
mice. The precise distribution and exact roles of
S1PR1 in human disease are still unclear.

We have recently investigated S1PR1 expression
in human tissues using an antibody of which the
specificity was defined by immunostaining of
the vasculature in S1PR1�/� and S1PR1þ /� mouse
embryos.15 S1PR1 was expressed not only in
vascular and lymphatic endothelial cells in all
tissues examined, but also in angiosarcoma.16

In this study, we investigated the distribution of
S1PR1 in lymphoid tissues using immunohisto-
chemistry. We found that S1PR1 was strongly
expressed on small lymphocytes forming primary
lymphoid follicles and the mantle zone in secondary
lymphoid follicles. We then tested the potential of
S1PR1 as a diagnostic marker for mantle cell
lymphoma by comparing its expression among
B-cell lymphomas.

Materials and methods

The study design was approved by the ethics review
board of Kawasaki Medical School.

Antibody

A rabbit polyclonal antibody against amino acids
322–381 of S1PR1 of human origin (Santa Cruz
Biotechnology EDG-1 (H60): sc-25489, Santa Cruz,
CA, USA) was used. This antibody can react with
human S1PR115,16 and mouse S1PR117,18 and has
been thoroughly checked for specificity by compar-
ing immunostaining results of the vasculature in
paraffin sections of S1PR1�/� and S1PR1þ /� mouse
embryos and an angiosarcoma cell line expressing
considerable quantities of S1PR1 mRNA.15

Tissue Specimens

Case materials were obtained from the Kawasaki
Medical School Hospital. Normal and neoplastic
lymphoid tissue samples were retrieved from the
files of the Department of Pathology, Kawasaki
Medical School Hospital. Surgical specimens in-
cluded samples of benign reactive lymph nodes,
tonsils, bone marrow, and malignant lymphoma of
the lymph nodes and extranodal sites. The diagnosis
of the lymphoma cases was confirmed by a combi-
nation of histology, flow cytometric immunopheno-
typing, immunohistochemistry, fluorescence in situ
hybridization, Southern blotting, and polymerase
chain reaction.

Within the group of B-cell lymphomas, lymph
node lymphomas included 25 follicular lymphomas,
4 chronic lymphocytic lymphomas/small lympho-
cytic lymphomas, 1 CD5-positive marginal zone
lymphoma, 20 mantle cell lymphomas (19 classic
and 1 aggressive variant), 25 diffuse large B-cell
lymphomas including 4 CD5-positive diffuse large
B-cell lymphomas, 3 lymphoplasmacytic lympho-
mas, 3 B-lymphoblastic leukemia/lymphomas, and 1
plasma cell myeloma. Gastrointestinal tract lympho-
mas included 10 mantle cell lymphomas, 11
follicular lymphomas (9 duodenal and 2 ileal
follicular lymphomas), 1 chronic lymphocytic lym-
phoma/small lymphocytic lymphoma, 9 extranodal
marginal zone lymphomas of mucosa-associated
lymphoid tissue (MALT lymphomas), 5 diffuse large
B-cell lymphomas, and 1 Burkitt’s lymphoma. Bone
marrow lymphomas included 10 mantle cell lym-
phomas (9 classic and 1 aggressive variant), 7
follicular lymphomas, 6 chronic lymphocytic lym-
phomas/small lymphocytic lymphomas, 3 lympho-
plasmacytic lymphomas, 6 diffuse large B-cell
lymphomas, and 1 hairy cell leukemia. Orbita cases
included 1 classical mantle cell lymphoma and 1
cyclin D1-negative mantle cell lymphoma, where
molecular profiles including somatic mutations of
the immunoglobulin variable region heavy chain
genes19 had been examined extensively by one of the
authors (Abe M). One case of brain diffuse large
B-cell lymphoma was also included.

In addition, 3 T-lymphoblastic leukemias/lym-
phomas, 5 angio-immunoblastic T-cell lymphomas,
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10 adult T-cell leukemias/lymphomas, 2 peripheral
T-cell lymphomas-not otherwise specified, 2 extra-
nodal NK/T-cell lymphomas nasal type, 6 Hodgkin’s
lymphomas, 1 blastic plasmacytoid dendritic cell
leukemia/lymphoma, and 1 systemic mastocytosis
were examined.

A tissue microarray composed of 42 diffuse large
B-cell lymphomas, 2 Burkitt’s lymphomas, 3 small
lymphocytic lymphomas, 6 follicular lymphomas, 2
mantle cell lymphomas, 7 MALT lymphomas, 8
Hodgkin’s lymphomas, 3 anaplastic large cell lym-
phomas, 4 peripheral T-cell lymphomas-not other-
wise specified, 1 extranodal NK/T cell lymphoma
nasal type, 2 T-lymphoblastic leukemias/lympho-
mas, 3 angioimmunoblastic T-cell lymphomas, and
2 plasma cell myelomas.

Cell Culture

Two mantle cell lymphoma lines, Rec-1 established
from a lymph node (blastoid variant)20 and Granta-
519 established from peripheral blood (leukemic
phase),21 were purchased from DSMZ (Braunsch-
weig, Germany). A third, JeKo-1, established from
peripheral blood (leukemic phase)22 was obtained
from the Fujisaki Cell Bank Center, Hayashibara
Biochemical Laboratories (Okayama, Japan). These
cell lines were maintained with RPMI-1640 medium
(Gibco, New York, NY, USA) containing 10% fetal
bovine serum. The angiosarcoma cell line ISO-
HAS,23 was cultured in 10% fetal bovine serum in
DMEM (Gibco). Immunocytochemical labeling and
mRNA expression of S1PR1 had been demonstrated
on the ISO-HAS.15

Immunocytochemistry

The mantle cell lymphoma cell lines were treated
with RPMI-1640 medium to prepare the cell suspen-
sions to be used in the experiments. The cells were
re-suspended in phosphate-buffered saline contain-
ing 5% fetal bovine serum and cytospinned to glass
slides. ISO-HAS cells, a positive control, were
treated in the same manner and also cytospinned
to glass slides. They were dried well and fixed in
100% ethanol for 1 min. The cells were stained with
a fully automatic immunohistochemical system,
Ventana XT system Discovery (Ventana Medical
System, Tucson, AZ, USA), using a polyclonal rabbit
anti-S1PR1 antibody (1:15 dilution) as described
previously.15

Immunohistochemistry

Tissues were fixed in 8% buffered formaldehyde,
embedded in paraffin, sectioned at 4mm, and
stained with the Ventana XT system Discovery
using a polyclonal rabbit anti-S1PR1 antibody (1:20
dilution) as described.15 The immunostaining was

carried out with an avidin–biotin detection system.
The period of incubation with the primary antibody
was 15 min. A diaminobenzidine hydrochloride
solution with hydrogen peroxide was the chromo-
gen.

Double labeling was carried out to identify the
specific cell-type expressing S1PR1. Tissue sections
were incubated with the primary antibody mixture
for 45 min at room temperature. Sections were
incubated with a peroxidase-conjugated anti-rabbit
IgG antibody (Histofine, Nichirei, Tokyo, Japan), and
signals were detected using the diaminobenzidine
hydrochloride solution with hydrogen peroxide.
Then, sections were incubated with an alkaline
phosphatase-conjugated secondary anti-mouse IgG
Ab (Histofine) and the signals were detected using a
New Fuchsin substrate kit (Histofine).

Routine staining of CD3, CD4, CD8, CD20, CD21,
CD23, CD30, CD45RO, CD56, CD79a, bcl-2, and
cyclinD1 was conducted to diagnose malignant
lymphomas.

Flow Cytometry

The flow cytometric analysis of the mantle cell
lymphoma cell lines was conducted using a DAKO
IntraStain kit (Dako, Kyoto, Japan) which makes it
possible for the anti-S1PR1 antibody to react with
the intracytoplasmic portion of the S1PR1 protein
as described previously.15 Briefly, Rec-1, and Granta-
519 cells (5� 105) were washed with phosphate-
buffered saline and fixed in IntraStain reagent A
(Dako). After being washed in phosphate-buffered
saline, the cells were treated with IntraStain reagent
B and incubated with 1:10 diluted anti-S1PR1
antibody for 15 min. After washes with phosphate-
buffered saline, the cells were incubated with
IntraStain reagent B and a fluorescein isothiocya-
nate-conjugated anti-rabbit IgG antibody (EY La-
boratories Inc., San Mateo, CA, USA) for 15 min.
After more washes with phosphate-buffered saline,
the cells were fixed with 1% paraformaldehyde.
For the negative control, cells were processed as
described above using an unrelated rabbit antibody.
These samples were measured using a FACS Calibur
(Becton Dickinson, San Jose, CA, USA), and the data
obtained were analyzed using CellQuest (Becton
Dickinson).

Western Blotting

Rec-1, Granta-519, and JeKo-1 cells were cultured,
collected, and rinsed three times with phosphate-
buffered saline at room temperature. Immediately
after the addition of boiled lysis buffer (1% sodium
dodecyl sulfate, 1.0 mM sodium ortho-vanadate, and
10 mM Tris (pH 7.4)), the cells were boiled for 5 min,
passed through a 26.5-G needle five times, and
centrifuged to prepare cell extracts. Proteins of each
cell extract were quantified using a Qubit Fluorometer
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(Invitrogen, Tokyo, Japan). Next, 10–30 mg each of
the extracts and a colored molecular marker (ATTO,
Tokyo, Japan) were separated by 5–12% gradient
sodium dodecyl sulfate-polyacrylamide gel electro-
phoresis and transferred to polyvinylidene fluoride
membranes. Each membrane was then cut, and
treated with a blocking reagent (Roche Diagnostics,
Mannheim, Germany) at room temperature for 1 h. A
rabbit anti-human S1PR1 antibody (1:100 dilution),
or a mouse anti-b actin monoclonal antibody
(Sigma, St Louis, MO, USA) was reacted with the
membrane at room temperature for 2 h. The mem-
brane was then washed with Tris-HCl buffer saline
for 30 min and incubated at room temperature for
60 min with a mixture of horseradish peroxidase-
conjugated anti-mouse IgG antibody and anti-rabbit
IgG antibody (Roche Diagnostics). The membrane
was washed with Tris-HCl buffer saline for 30 min,
treated with ECL plus a western blotting detection
system (Roche Diagnostics), and visualized using a
cooled charge coupled device camera, ChemiStage
CC-16 (KURABO, Osaka, Japan).

Real-Time Reverse Transcription Polymerase Chain
Reaction

Total mRNA was extracted from ISO-HAS, Rec-1,
Granta-519, and JeKo-1 cells using an RNeasy Plus
Mini kit (Qiagen, Hilden, Germany). cDNA was
synthesized from each extract containing one
microgram of mRNA using a QuantiTect Reverse-
Transcription kit (Qiagen). Real-time PCR
primers were purchased from Qiagen (QuantiTect
Primer Assay) for human S1PR1 (QT00208733),
S1PR2 (QT00230846), S1PR3 (QT00244251),
S1PR4 (QT01192744), S1PR5 (QT00234178), cy-
clinD1 (CCND1,QT00495285), human GAPDH
(QT01192646), and human b-actin (QT00095431).
Gene expression levels were analyzed on an Applied
Biosystems 7500 (Tokyo, Japan) with a QuantiTect
SYBR Green PCR kit (Qiagen). S1PR1 expression
was normalized by comparison with the expression
of the housekeeping gene b-actin. The conditions for
amplification were 15 min at 951C to activate the
HotStarTaq DNA polymerase, then 40 cycles of 941C
for 15 s, annealing at 551C for 30 s, and extension
at 721C for 34 s. As the polymerase chain reaction
efficiency of the reaction was comparable between
the target and endogenous reference gene b-actin,
normalized S1PR1, S1PR2, S1PR3, S1PR4, S1PR5,
and cyclin D1 expressions were calculated using
ABI software and 2�DDCt analysis.

Statistical Analysis

Differences in mRNA expression among the mantle
cell lymphoma cell lines were calculated using JMP
Statistical Discovery Software, version 7, from the
SAS Institute, Cary, NC, USA. Statistical signifi-
cance was defined as a P-value o0.05.

Results

Expression of S1PR1 in Lymphoid Organs

First, we investigated the expression of S1PR1 in
adult human hematolymphoid tissues.

In the lymph node, S1PR1 was expressed on the
surface of small lymphocytes forming primary
follicles and the mantle zone of secondary follicles
(Figure 1a). Germinal center cells tested negative for
this antigen. Double labeling immunohistochemis-
try revealed that S1PR1-positive mantle zone lym-
phocytes tested positive for CD20, but not for
CD45RO (Figure 1b and c). Endothelial cells of
blood vessels including arteries, veins, and high
endothelial venules, and endothelial cells of afferent
and efferent lymphatics and the marginal and
medullary sinus were strongly stained for S1PR1.
A similar staining pattern was observed in the
tonsils and Peyer’s patches of the small intestine.
In bone marrow, megakaryocytes were fairly strongly
stained, whereas the staining of sinus endothelial
cells was very faint.

Expression of S1PR1 in a Tissue Microarray of
Lymphoid Malignancies

Among 85 cases of lymphoid malignancy, 2 cases
of mantle cell lymphoma (CD20þ , CD5þ , CD10�,
and cyclin D1þ ) showed clear membranous staining
with the anti-S1PR1 antibody. Membranous staining
was also seen in non-neoplastic small B-lympho-
cytes and blood vessels in these cases. Among tissue
microarrays, one plasmacytoma showed focal cyto-
plasmic granular staining of tumor cells.

Expression of S1PR1 in Nodal B-Cell Lymphomas

As shown in Table 1, among nodal lymphoma cases,
strong membranous expression was seen in 19 out of
19 cases of classical mantle cell lymphoma regard-
less of subtype (Figure 2a–c; cases 1–19 in Table 2).
One aggressive variant of mantle cell lymphoma
displayed a weaker membranous staining than
classical mantle cell lymphoma (Figure 2d; case
20 in Table 2). This was obvious when compared
with endothelial cell staining in the same section. In
all, 25 follicular lymphomas, 4 chronic lymphocytic
leukemias/small lymphocytic lymphomas, and 1
CD5-positive marginal zone lymphoma did not
show any significant expression. One of 3 lympho-
plasmacytic lymphomas (case 22 in Table 2), and 2
of 25 diffuse large B-cell lymphomas (cases 23, 24 in
Table 2) exhibited membranous staining for S1PR1.
The S1PR1-positive lymphoplasmacytic lymphoma
was CD20þ , CD5�, CD10�, CD23�, s-IgDþ , s-IgMþ ,
and cyclinD1� and accompanied by monoclonal IgM
gammapathy, but exhibited an unusual nodular
growth pattern with strong S1PR1 expression.
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Expression of S1PR1 in Extranodal Small B-Cell
Lymphomas

To help distinguish small B-cell lymphoma of the
gastrointestinal tract, we studied the expression of
S1PR1 in 10 cases of mantle cell lymphoma, 11
cases of follicular lymphoma, 9 cases of MALT
lymphoma, 1 case of chronic lymphocytic leukemia/
small lymphocytic lymphoma, and 5 cases of diffuse
large B-cell lymphoma. Only the mantle cell
lymphomas were stained with the anti-S1PR1 anti-

body. As compared with cyclin D1 staining, S1PR1
staining consistently provided clearer and stronger
signals (Table 1, Figure 3a–d). We also examined an
autopsy case of intestinal mantle cell lymphoma in
which the specific translocation t(11;14) actually
existed, but all immunoreactivity with the rabbit
anti-cyclin D1 monoclonal antibody was lost after
long-standing fixation. This tumor exhibited clear
staining for S1PR1.

Next, we examined the expression of S1PR1 in
mantle cell lymphoma, chronic lymphocytic lym-

Figure 1 Immunostaining for S1PR1 in formalin-fixed paraffin-embedded sections of a reactive lymph node. (a) S1PR1 is expressed on
vascular and lymphatic endothelial cells and mantle zone lymphocytes of lymph follicles, but not germinal center lymphocytes. (b and c)
Double labeling with an anti-S1PR1 polyclonal antibody (brown) and anti-CD20 (b, red) or anti-CD45RO (c, red) monoclonal antibodies.
CD20-positive and CD45RO negative lymphocytes express S1PR1 strongly.

Table 1 Expression of sphingosine-1-phosphate receptor 1 in B-cell lymphomas in lymph nodes, the gastrointestinal tract, and bone
marrow

Histology Lymph node Gastrointestinal tract Bone marrow

Mantle cell lymphoma, classical 19/19 10/10 9/9
Mantle cell lymphoma, aggressive variant 1/1 0/0 1/1
Follicular lymphoma 0/25 0/11a 0/7
Marginal zone lymphoma 0/1b 0/9 0/1c

Chronic lymphocytic leukemia/small lymphocytic lymphoma 0/4 0/1 2/6
Lymphoplasmacytic lymphoma 1/3 0/0 0/3
Diffuse large B-cell lymphoma 2/25 0/5 0/6
Burkitt’s lymphoma 0/0 0/1 0/0
B- lymphoblastic lymphoma/leukemia 0/3 0/0 0/0

The expression was examined in conventional whole tissue.
a
9 cases of duodenal follicular lymphoma and 2 cases of ileal follicular lymphoma.

b
CD5+ marginal zone lymphoma.

c
Splenic marginal zone lymphoma.
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phoma/small lymphocytic lymphoma, lymphoplas-
macytic lymphoma, and follicular lymphoma cases
involving bone marrow. All the mantle cell lympho-
mas tested positive for S1PR1. However, unlike in
the lymph nodes, the intensity of the staining varied
among individual lymphoma cells; some lymphoma
cells were not clearly labeled (Figure 4a). We found
a case of mantle cell lymphoma, which lost CD20
expression because of treatment with rituximab, but
exhibited S1PR1 expression. In total, 2 out of 6
chronic lymphocytic lymphomas/small lymphocy-
tic lymphomas showed staining (case 25 in Table 2,
Figure 4b and case 26 in Table 2). However, one was
an atypical chronic lymphocytic lymphoma with a
CD23� phenotype. None of the bone marrow folli-

cular lymphomas or diffuse large B-cell lymphomas
showed any significant expression (Table 1).

Next, we explored the diagnostic potential of
S1PR1 immunohistochemistry for cyclin D1-nega-
tive mantle cell lymphoma. Only one case of cyclin
D1-negative mantle cell lymphoma was available,
which occurred in the orbita and exhibited a CD20þ ,
CD5þ , CD10�, CD23�, CD43þ , BCL-2þ , and BCL-6�

phenotype. This tumor was morphologically diag-
nosed as mantle cell lymphoma and showed 5%
somatic mutation rate of the immunoglobulin vari-
able region heavy chain, but it lacked cyclin D1
mRNA and protein expression and t(11;14) (case 21
in Table 2). In this case, about 20% of neoplastic
cells were stained for S1PR1 (Figure 2e and f).

Figure 2 Representative photographs of immunostaining for S1PR1 in s of the lymph nodes. (a) Mantle cell lymphoma showing a mantle
zone pattern with the remnant germinal center. (b) Mantle cell lymphoma with a nodular pattern mimicking FL. (c) Mantle cell
lymphoma with a diffuse pattern. S1PR1 immunostaining displays membranous staining of neoplastic cells. (d) Blastoid mantle cell
lymphoma with decreased expression of S1PR1. Strong signals are clearly recognized in blood vessels. (e and f) S1PR1 expression in the
orbita of a case diagnosed as cyclin D1-negative mantle cell lymphoma. About 20% of neoplastic cells were positive for S1PR1.
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S1PR1 Expression in T-Cell, T/NK-Cell and Hodgkin’s
Lymphomas

Among 21 cases of T-cell lymphoma, 3 cases of adult
T-cell leukemia/lymphoma showed clear membra-
nous staining. Tumor cells of extranodal NK/T-cell
lymphoma nasal type, blastic plasmacytoid dendri-
tic cell leukemia/lymphoma, and systemic mastocy-
tosis tested negative for S1PR1. In cases of Hodgkin’s
lymphoma, staining was predominantly localized to
the non-neoplastic component, particularly tumor-
infiltrating small lymphocytes and vascular en-
dothelial cells, whereas weak expression was seen
on some Reed–Sternberg cells.

Expression of S1PR1 in Mantle Cell Lymphoma Cell
Lines

The protein expression of S1PR1 of blastoid mantle
cell lymphoma (Rec-1) and leukemic mantle cell
lymphoma (JeKo-1 and Granta-519) cell lines was
examined using immunocytochemistry, flow cyto-
metry, and western blotting. The angiosarcoma cell
line ISO-HAS was used as a positive control. On
western blotting, reaction products were clearly
seen in ISO-HAS cells and weakly detected in Rec-
1 cells with a molecular weight of about 40–45 kDa,
but were not seen in JeKo-1 or Granta-519 cells
(Figure 5a and b). Similarly, flow cytometric
analysis and immunocytochemical staining revealed
that S1PR1 protein was expressed in Rec-1 cells
(Figure 6a and c) but not in JeKo-1 or Granta-519
cells (Figure 6b and d). To confirm the correlation
with the findings on protein expression, we next
examined the mRNA expression of sphingosine-1-
phosphate receptors in these mantle cell lymphoma
cell lines by quantitative real-time reverse transcrip-
tion polymerase chain reaction. When the relative
quantity of S1PR1 mRNA of ISO-HAS cells was 1.0,
that of Rec-1 cells was significantly higher than the
level in JeKo-1 or Granta-519 cells (0.55±0.25 vs

0.10±0.04 and 0.06±0.04, mean±s.d., n¼ 4)
(Po0.001). The relative quantities of cyclin D1
mRNA in Rec-1, JeKo-1, and Granta-519 cells were
17.5, 16.4, and 16 (mean, n¼ 2) times respectively,
that of ISO-HAS. The relative quantities of S1PR2,
S1PR3, S1PR4, and S1PR5 mRNA were quite low
compared with the amount of S1PR1 mRNA in Rec-
1 cells.

Discussion

This study is the first to systematically document
the expression of S1PR1 in human lymphoid tissues
and B cell lymphomas. Although S1PR1 has been
shown to be expressed on human T- and B-
lymphocytes9,24 and vascular and lymphatic en-
dothelial cells, the in situ localization of S1PR1 in
human tissues has not been examined. In this study,
we found that mantle cells and their malignant
counterpart, mantle cell lymphoma cells, strongly
expressed S1PR1.

In the lymph nodes, strong S1PR1 expression was
mainly restricted to mantle cells whereas faint
expression was seen in paracortical T-lymphocytes.
No staining was seen in follicle center B cells of
lymphoid tissues or in lymphocytes of bone marrow.
These results suggest that B-lymphocytes express
S1PR1 depending on their state of differentiation
and location and the expression levels are modu-
lated following stimulation by the B-cell receptor.

The classification of small B-cell lymphoproli-
ferative disorders is based on a combination of
clinical, morphological, immunophenotypic, and
cytogenetic parameters.1 Immunohistochemical ana-
lysis is particularly helpful in establishing the
diagnosis because there is significant clinical and
morphologic overlap among mantle cell lymphoma,
chronic lymphocytic lymphoma/small lymphocytic
lymphoma, follicular lymphoma, and marginal zone
lymphoma.1,25 Mantle cell lymphoma cases may

Table 2 Clinical and pathologic features of sphingosine-1-phosphate receptor 1-positve B-cell lymphoma patients

Case no. Histology Site of origin Age (years)/Sex Immunoreactivity

CD20 CD5 CD23 Cyclin D1 CD10

1–19 Mantle cell lymphoma, classical Lymph node 17, orbita 1, intestine 1 55–83/Male 17;
Female 2

+ + � + �

20 Mantle cell lymphoma, aggressive Lymph node 63/Male + + � + �
21 Mantle cell lymphoma, cyclin D1- Orbita 66/Male + + � � �
22 Lymphoplasmacytic lymphoma Lymph node 60/Male + � � � �
23 Diffuse large B-cell lymphoma Lymph node 56/Female + � + � �
24 Diffuse large B-cell lymphoma Lymph node 60/Female + � � � +
25 Chronic lymphocytic leukemia/small

lymphocytic lymphoma
Bone marrow 55/Male + + + � �

26 Chronic lymphocytic leukemia/small
lymphocytic lymphoma

Bone marrow 67/Male + + � � �

Lymphoma cells of all cases showed membranous staining of S1PR1. Patient 21 was diagnosed by Abe M based on morphology, fluorescence
in situ hybrdization, somatic mutation analysis of immunoglobulin variable heavy chain regions, quantitive real-time reverse transcription
polymerase chain reaction of cyclin D1, and immunohistochemistry.
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occasionally display an unusual phenotype such as
a lack of CD5 and co-expression of CD10 or CD23,
and the distinction from other small B-lymphocytic

lymphomas, especially chronic lymphocytic lym-
phomas/small lymphocytic lymphomas, does not
appear straightforward.25,26 This study demonstrated

Figure 3 Representative photographs of the intestinal involvement in a patient with mantle cell lymphoma. Dense infiltration of
small-sized lymphocytes is seen in the lamina propria of the mucosa (H–E, a). The lymphoma cells are positive for CD5 (b), cyclin D1(c),
and S1PR1 (d).

Figure 4 Representative photographs of the bone marrow involvement in a patient with mantle cell lymphoma (a) and chronic
lymphocytic lymphoma/small lymphocytic lymphoma (b). (a) Neoplastic cells show viable staining. (b) The staining of neoplastic cells is
considerably weaker than that of capillary endothelial cells as an intrinsic control.
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the utility of S1PR1 immunohistochemistry in the
diagnosis of mantle cell lymphoma, but revealed
two cases of S1PR1-positive chronic lymphocytic
lymphoma/small lymphocytic lymphoma, one of
which was negative for CD23. Recent studies
suggested that mantle cells are derived from naı̈ve
pre-germinal center B-cells,1,27 but chronic lympho-
cytic lymphoma/small lymphocytic lymphoma can
be divided into naı̈ve and memory B-cell types
based on the absence or presence of somatic
mutations in the immunoglobulin variable region
heavy chain.1,19,28 Thus, it would be useful to
confirm whether the origin of S1PR1-positive
chronic lymphocytic lymphoma is naı̈ve B-cells.
Further study with more cases and an analysis of the
immunoglobulin variable region heavy chain’s sta-
tus is needed to clarify a correlation between S1PR1
positivity and the chronic lymphocytic lymphoma/
small lymphocytic lymphoma type.

One possible application of the anti-S1PR1 anti-
body is in the diagnosis of cyclin D1-negative
mantle cell lymphoma. There may be different

Figure 5 Comparative study of mantle cell lymphoma cell lines
based on western blotting of S1PR1. (a) The positive control
angiosarcoma cell line ISO-HAS gives a strong signal. A weaker
signal is seen in Rec-1, whereas no signal is observed in Granta-
519 or JeKo-1. (b) Positive signals are seen at 40–45kDa. The level
of S1PR1 protein in Rec-1 cells is very low compared with that in
ISO-HAS cells and 30mg of protein per lane is necessary to obtain
a signal.

Figure 6 Comparative study of mantle cell lymphoma cell lines based on flow cytometric and immunocytochemical analyses of S1PR1.
(a and b) Flow cytometric analysis. Clear staining is seen in Rec-1 (a), but not Granta-519 (b). (c and d) Immunocytochemistry. A fine
membranous staining is seen in Rec-1 (c), but not Granta-519 (d).
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forms of cyclin D1-negative mantle cell lymphoma,
one in which the specific translocation
actually exists, but no immunostaining of cyclin
D1 is obtained,29 and a second type lacking
t(11;14)(q13;q32), but showing morphological
features of mantle cell lymphoma.5 This study
demonstrated the usefulness of S1PR1 immuno-
histochemistry in the former type of cyclin D1-
negative mantle cell lymphoma because the epitope
of S1PR1 is more stable in formalin-fixed paraffin-
embedded tissues than that of cyclin D1. Clear
staining was obtained even in gastrointestinal and
bone marrow sections where cyclin D1 signals were
lost because of over-fixation and/or decalcification.
Therefore, the combination of immunohistochemis-
try with a panel of antibodies for CD20, CD5, CD23,
cyclin D1, and S1PR1 should provide a more
accurate diagnosis of mantle cell lymphoma. On
the other hand, it is unclear whether S1PR1
immunostaining is applicable to the diagnosis of
true cyclin D1-negative mantle cell lymphoma.

It has been shown that the nuclear expression of
Sox11, a neuronal transcription factor, is useful as a
diagnostic marker for mantle cell lymphoma and the
distribution of this marker can be used to identify
subsets of mantle cell lymphoma.30,31 Sox11 is also
expressed on cyclin D1-negative mantle cell lym-
phoma cells.30 In contrast to Sox11, S1PR1 immu-
nohistochemistry did not demonstrate subgroups of
mantle cell lymphoma, except for one aggressive
variant with weaker immunostaining.

S1PR1 mRNA levels of JeKo-1 and Granta-519
cells, both of which are derived from leukemic
mantle cell lymphoma, were very low compared
with the level in Rec-1 cells. No reactivity was
detected in JeKo-1 and Granta-519 cells by immu-
nocytochemical staining, flow cytometry, or western
blotting with the anti-S1PR1 antibody. These results
suggest a further analysis of S1PR1 expression in
a larger number of mantle cell lymphoma cases,
including aggressive and leukemic variants, to be
warranted.

The function of S1PR1 has been studied exten-
sively in mice,13,14,32 but is still unclear in human
tissues. S1PR1 may not be merely a diagnostic
marker, but may also have some role in the behavior
of mantle cell lymphoma because it has been shown
to be involved in the regulation of motility in a
variety of cell types33 and is crucial for lymphocyte
egression or localization in lymphoid organs.9,13,14

Mantle cell lymphoma cell trafficking to bone
marrow and the gastrointestinal tract may be
regulated by S1PR1 in cooperation with chemokine
receptors and adhesion molecules.34 Another
possible role for S1PR1 in mantle cell lymphoma
is in the regulation of the proliferation and apop-
tosis of mantle cell lymphoma cells,6,7 which may
have treatment-related implications. In this regard,
Bayerl et al.35 recently reported that sphingosine
kinase 1, the enzyme responsible for sphingosine-
1-phosphate production, is overexpressed in non-

Hodgkin’s lymphoma and is thus a possible target
for new pharmacological interventions. Therefore,
this study provides a rationale to further investigate
the therapeutic potential of drugs targeting the
S1PR1 pathway, such as FTY 720,36 in mantle cell
lymphoma.

In conclusion, S1PR1 was strongly expressed on
the membranes of mantle cell lymphoma cells as
well as small lymphocytes forming the mantle zone
in lymph nodes. None of the follicular lymphomas
or marginal zone lymphomas showed any signifi-
cant expression, suggesting S1PR1 could be a new
diagnostic adjunct to cyclin D1 for distinguishing
mantle cell lymphoma from morphological mimics.
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